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ABSTR AC T
J  •H .W  * GIPPS : The re la tio n s h ip  between postulation v a r ia b le s  and 
m a le  agg ress ive  be lia v io u r In  com m un itie s  o f bank vo les  
(Gle th ricn o m ys  g la rc o lu s ) in  la rg e  f ie ld  enc losu res .
The re la tio n s h ip  between m a le  aggress ive  b e lia v io u r and 
popula tion va r ia b le s  in  the  bank vo le  (C lc th ricn o m ys  g la reo lu s  
(S chreber, 1730)) was stud ied us ing  tw o large(oOOxn^) f ie ld  en c losu res . 
K novn  populations v/ere estab lished in  each of the  enc losures , and 
fo llo w e d  by l iv e  tra p p in g . In an a ttem p t to  m an ipu la te  the  le v e l o f 
agg ress ive  beha-vdour in  one (the exp e rim en ta l) enc losure  w ith  re spec t 
to  the o th e r (the c o n tro l)  a m a jo r ity  o f t l ie  founding m a les  in  the 
e xp e rim e n ta l enc losure  w e re  c a s tra te d .
L a b o ra to ry  arena te s tin g  was used to  study the  b e lia v io u r c f 
ad u lt, ca s tra te d  and im m a tu re  m a le  v o le s . I t  v/as dem onstra ted  tha t 
both ca s tra te d  and im m a tu re  m a le  vo les  w ere  s ig n if ic a n tly  le ss  
ag g re ss ive  than adu lt m a le s . A d u lt m a les  w ere  found to  fig h t le ss  
w ith  cas tra te d  and im m a tu re  m a les  than w ith  o th e r a d u lts . C astra ted  
m a les som etim es exh ib ited  re ta lia to ry  behav iour when approached by 
e ith e r cin adu lt o r  im m a tu re  m a le , but o ve rt agg ress ive  behaviour 
r a re ly  re s u lte d . Im m a tu re  m a les w ere  v e ry  ra re ly  a g g re ss ive .
O bserva tion  o f behav io u ra l in te ra c tio n s  in  the  f ie ld  (at a b a it 
po in t) showed them  to  be cg ia lita tive ly  d iffe re n t to  those observed in  
the la b o ra to ry  arena; vo les appeared v e ry  w a ry  o f each o th e r, and 
mstny in te ra c tio n s  observed w e re  c h a ra c te ris e d  by m u tua l avoidance 
o r  f l ig h t .  O vertagg ress ive  behav iour v/as ra re ly  seen. I t  can be 
in fe r re d  tha t vo les do f ig h t in  the  f ie ld , because they  com m on ly  e id iib it 
s m a ll wounds on ru m p , ta i l ,  and face ; these cou ld  how ever, be 
susta ined in  the  confinem ent o f b u rro w s , w here  escape and m u tu a l 
avoidance a re  le ss  poss ib le  than a t a l>ait p o in t, and w h ich  m ay be 
m o re  c lo se ly  p a ra lle le d  by the  la b o ra to ry  a re na . S ig n ific a n tly  m o re  
adu lt m a le s  in  the  enclosures showed fre s h  wounds tîian  d id  cas tra te d  
o r  im m a tu re  m a le s , o r  adu lt o r  im m a tu re  fe m a le s .
The nu m be r o f vo les in  t lie  exp e rim e n ta l enc losure  increased  
s ig n if ic a n tly  fa s te r  than d id  the  num ber in  the c o n tro l enc losure ; the 
density  in  both enclosures was a lso  s ig n if ic a n tly  h ig h e r than com m on ly  
encountered in  t l ie  w ild .  The d iffe re n ce  in  num bers  between the tw o 
enclosures was due to  a d iffe re n ce  in  the  num ber c f im m a tu re  an im a ls  
en te ring  the tra ppa b le  popula tion; m o r ta l i ty  o f m a rked  a n im a ls  in  both 
enclosures v/as v e ry  s lig h t bu t m o r ta l i ty  o f in fa n ts  v«as s ig n if ic a n tly  
h ig h e r in  t lie  c o n tro l enc losure  tlia n  in  the e x p e rim e n ta l. R eproductive  
in li ib it io n  o f adu lt and im m a tu re  a n im a ls  o f both sexes vms observed 
in  both e n c lo su re s . A t the same t im e , e x tre m e ly  young a n im a ls  
trapped  in  the  w ild  popula tions w ere  found to  be se io ia lly  m a tu re . The 
d iffe ren ce s  in  the use o f space by d iffe re n t age and sex c lasses 
between the tw o  enclosures w e re  a lso  inve s tig a te d .
The study dem onstra ted th a t m a le  agg ress ive  be lia v io u r had a 
s ig n if ic a n t e ffec t on the population va ria b le s  o f bank vo les  a t the  
h igh  dens ities  and a t the  h igh  ra te s  of po%xilation g ro v /tli observed in  
la rg e  e n c lo su re s . The fin d in g s  a re  d iscussed In  the lig h t o f se ve ra l 
hypotlieses put fo rw a rd  to  exp la in  population regu la tion  and c y c lic  
clianges in  num bers  o f M ic ro tin e  ro d e n ts .
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rp p u la t lc n  re g u la tion  in  s m a ll m a m m a ls .
I t  is  a x io m a tic  t i ia t  both e x trm s ic  and in tr in s ic  fa c to rs  act to  
re gu la te  the num bers c f  a n im a ls . C le a r ly , how ever, the  re la t iv e  
im po rtance  o f d iffe re n t fa c to rs  in  c o n tro llin g  num bers v a r ie s  h i t im e  
and space. E x tr in s ic ,  de ns ity  independent fa c to rs  a re  o f g rea tes t 
im po rta nce  in  m a rg in a l o r  on ly  te m p o ra r ily  su itab le  hab ita t ( fo r  
instance, in  a population o f house m ice  (Mus mu sou lu s ) inh ab itin g  a 
S oil t i l  A u s tra lia n  w hea tfie ld , s tud ied b y  Newsom e, (1800), a v a iM b ility  
c f  home s ite s  in  c ra cks  in  the  ground was co n tro lle d  by ra in fa l l ,  and 
th is  co n tro lle d  the  population d e ns ity ) In t r in s ic ,  dens ity  re la te d  
fa c to rs ,o n  the o the r hand, c le a r ly  assum e g rea te s t im.poxi;ance w ith  a 
popu la tion ’ s independence fro m  its  env ironm en t ( fo r  e:;arnple, m ic e  in  
a g ra n a ry  a re  u n lik e ly  to  d ie  o f s ta rva tio n  (Anderson, 197C^L
W atson and M oss (1970) po in t out t l ia t  the  tra d it io n a l concept o f 
l im it in g  fa c to rs , bo rro w e d  fro m  t l ie  p h ys ica l sc iences, does not 
n e c e s s a r ily  apply to  com plex b io lo g ic a l system s w h ich  can ad jus t th e ir  
re q u ire m e n ts  to  v a ry in g  a v a ila b il ity  o f re so u rce s ; as a re s u lt ,  m o re  
th /m  one fa c to r  can be l im it in g  a t any one t im e , and i t  is  p robable  t lia t 
m any c f  the a p pa ren tly  c o n flic t in g  n u m b e r-c o n tro llin g  m ec lian ism s can 
and do opera te  e ith e r to g e tlie r o r  s o iia ra te ly  depending upon the 
c irc u m s ta n c e s . E id ic k e r  (1973, 1975) a lso  argues fo r  a ’ com m un ity  
v iew  o f s m a ll m a m m a l popula tion dynam ics ’ .
T h is  h itro d u c tio n  concentra tes on ly  upon the ro le  o f in tr in s ic  
fa c to rs , m edia ted by h itra s p e c if ic  s o c ia l b e lia v io u r, in  re g u la tin g  Üie 
num bers o f ro d e n ts . T h is  is  not to  say tha t I  be lie ve  a l l  t l ie  o th e r 
p o te n tia l n u m b e r-re g u la tin g  processes to  be un im po iiian t, bu t th a t, 
because a to ta lly  e xp e rim e n ta l approach to  the  study o f In tr in s ic  
fa c to rs  in  population re g u la tio n  was adopted m  the present in q u iry , 
w it i i  a l l  e x tr in s ic  fa c to rs  as fa r  as poss ib le  he ld  constant, th e y  a re  
not re v ie w ed  h e re ; f u l l  re v ie w s  o f both e x tr in s ic  and in t r in s ic  fa c to rs  
tliought to  a ffe c t roden t num bers a re  g iven b y  Do Long (19 G 7), K rebs  
and M y e rs  (1974) and T appe r (1976).
C le a r evidence t l ia t  so c ia l behaviour can have profound e ffec ts  
on dem ographic v a r ia b le s  has been presented fo r  m any v e rte b ra te  
species inc lud ing  roden ts , and lia s  been fu l ly  rev iew ed  by, among 
o th e rs , W atson and M oss (1970), K in g  (1973) and W ilso n  (1979); a
re v ie w  o f the l i te ra tu re  on ve rte b ra te s  o th e r than roden ts w i l l  no t be 
repeated h e re .
C onsiderab le  u n c e rta in ty  re m a in s  how ever, about the  
m echan ism s by w h ich  s o c ia l behav iou r, in  p a r t ic u la r  in tra s p e c if ic  
aggress ion , a ffe c ts  roden t popula tion d jv iam ics ; th is  u n c e rta in ty  is  
la rg e ly  the re s u lt o f th e re  be ing se ve ra l s tro n g ly  he ld  and c o n flic tin g  
v iew s  about the  re la t iv e  im po rtance , in  n a tu ra l popu la tions, o f each 
o f the in t r in s ic  m echanism s tha t iiave  been dem onstra ted to  regu la te  
num bers under d iffe re n t exp e rim e n ta l con d ition s .
The tw o  roden t groups whose population d^mamics have been m ost 
s tud ied have been the  fa m ily  M u rid ae  (p a r t ic u la r ly  m ice ) and the sub­
fa m ily  M ic re tin a e  (vo les and le m m in g s ). A lthough  m ice  and vo les  a re  
s u p e r f ic ia lly  s im ila r ,  th e ir  eco log ica l and re p ro d u c tive  s tra te g ie s  a re  
con s id e ra b ly  d if fe re n t. M ic e  a rc  com m on ly  found liv in g  com m en sa lly  
in  g ra n a rie s  and hay r ic k s  w he re  food is  e x tre m e ly  p le n tifu l ; in  these 
ha b ita ts  they  often reach v e ry  h igh  d e n s itie s . V o les , how ever, r a re ly  
l iv e  com m ensa lly , and a re  g e n e ra lly  found a t m uch low er p o i l la t io n  
d e ns ities  than m ice , even under cond itions  w here esse n tia l re so u rce s  
a re  in  excess.
B e ing the  m oot com m on la b o ra to ry  a n im a l, i t  is  not s u rp r is in g  
t l ia t  the  population ecology o f the house m ouse has been so 
in te n s iv e ly  s tud ied . The m a jo r ity  o f these stud ies have been on 
enclosed groups o f a n im a ls , rang ing  fro m  ’ popu la tions ’ in  s m a ll 
la b o ra to ry  cages, th rough la rg e  la b o ra to ry  and f ie ld  enc losures , to  
g ra n a rie s  and hay r ic k s ;  re la t iv e ly  few  stud ies o f f re e - l iv in g  
populations have been c a r r ie d  o u t. T h is  in tro d u c tio n  w i l l  co ve r 
m echan ism s o f population re g u la tio n  in  a l l  the  above h a b ita ts .
V o le  (and lem m ing ) popula tion dynam ics Iiave been m uch 
inves tiga ted  fo r  a d iffe re n t reason ; the  num bers o f these a n im a ls  
appear to  e xh ib it re g u la r , as opposed to  random , flu c tu a tio n s , w ith  a 
p e rio d  o f 3 -  5 y e a rs . The fo rm  o f th is  popula tion cyc le , and in  
p a r t ic u la r  the  phase o f dec line  in  num b 'e rs , has been shown to  be 
ra th e r  v a r ia b le , and is  described  in  d e ta il by  K rebs  and M ye rs  
(1974). A lthough the existence o f re g u la r  cyc le s  has been d isputed.
10.
K re b s  and M y e rs  (1974) po int out ( p .278) th a t no population o f 
k l ic ro t in e  roden ts  tha t has been stud ied ove r a 3 -  4 y e a r p e riod  o r  
lo n g e r has fa ile d  to  show cyc lic , changes in  num bers ; how ever, even 
i f  the  flu c tu a tio ns  a re  no t c y c lic ,  th e ir  am p litude  is  s t i l l  o f in te re s t 
to  popula tion b io lo g is ts , s ince flu c tu a tio n s  o f the  m agnitude 
exh ib ited  by vo les  and le m m in gs  do not appear to  be e id iib ited  by 
o th e r roden t g rou p s . A  la rg e r  p ro p o rtio n  o f the vo le  stud ies (as 
opposed to  tliose  on m ice ) have been on fre e  liv in g  popula tions; the  
stud ies o f enclosed popuM tions have tended to  be on po^julations in  
re la t iv e ly  la rg e  f ie ld  enc losu res .
T h e re  a re  fo u r  processes t iia t  can a ffe c t popula tion n u m b e rs :-
1 , B ir th s , 2 . Deaths, 3 . Im m ig ra tio n , and 4 , E m ig ra tio n
In unenclosed popula tions, (1) and (3) have often liad  to  be
com bined under a b lanke t te rm  such as ’ re c ru itm e n t* , and (2) and (4)
com bined unde r a te rm  such as 'lo sse s*, s ince b ir th s  a re  not
d is tin g u is lia b le  fro m  im m ig ra tio n , o r  deaths fro m  e m ig ra tio n , when
a popula tion is  be ing stud ied by liv e - tra p p in g  techniques a lone; as a
re s u lt ,  m ost c f the  stud ies o f unenclosed popula tions liave no t been
able to  dem onstra te  the  re la t iv e  Im portance  o f each o f these fo u r
fundam enta l processes in  re g u la tin g  population n u m b e rs . In  enclosed
popula tions how ever, im m ig ra tio n  and e m ig ra tio n  a re  e lim in a te d , and
or 2>otK
lx>pulation re g u la tio n  can on ly occu r in  e ith e r jc i tw o  w ays :-
1 . D epress ion  o f the  b ir th  ra te , o r  2 . E leva tio n  o f the  death ra te .
Each o f the  m a jo r  in t r in s ic  m echan ism s, by w liic h  i t  is  
hypothesised tha t the  num bers o f roden ts  a re  co n tro lle d , and the 
evidence fo r  each, w i l l  now be rev iew ed under fo u r m a in  headings; 
these a re :-
1 .1  The re la tio n s h ip  between s o c ia l in te ra c tio n s  and the  
endocrine and n e u ra l phys io logy o f in d iv id u a ls , a ffe c ting  (a) 
re p ro d u c tio n  and (b) m o r ta l i ty .
1 .2  The re la tio n s h ip  between increased  num bers o f agg re ss ive  
in te ra c tio n s , assoc ia ted  w ith  increased  popula tion dens ity , and 
m o r ta l i ty  o f d iffe re n t age and sex c la sse s .
1 .3  The re la tio n s h ip  between so c ia l behav iou r and d is p e rs a l.
1 .4  The b e hav io u ra l genetic hypothesis  ^ p a rtic u la r ly  re la te d  to  
th e  re g u la r  c y c lic  v a r ia tio n s  o f M ic ro t in e  popu la tions, in  w h ich  
d iffe re n t genotypes have se le c tive  advantage a t d iffe re n t stages o f the  
popu la tion  c yc le , dependant upon the  frequency o f agg ress ive  
in te ra c tio n s ; th is  m echan ism  a lso  m akes a llow ance fo r  d is p e rs a l as a 
m a jo r  co n tr ib u tin g  fa c to r  to  popula tion re g u la tio n .
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1 .1 (a ). The re la tio n s h ip  between so c ia l in te ra c tio n s , endocrine
rhysio lo.rnq and re p ro d u c tio n .
P o te n tia l re g u la tio n  c f popula tion num bers by  depression o f the  
b i i t h  ra te  can be the  re s u lt o f s e v e ra l d is tin c t p ro cesse s :-
(a) perm anent o r  sem i-pe rm anen t fem ale  anoestrus , e ith e r by 
re g re ss io n  o f p re v io u s ly  b reed ing  fem a les  o r  by fa ilu re  o f young 
fem a les  to  m a tu re , lead ing  to  decreased length  o f the  b reed ing  season, 
increased  t im e  in te rv a l between pregnancies, o r s im p ly  a re duc tio n  in  
t l ie  p ro p o it io n  o f fem a les  th a t a re  in  b reed ing  cond ition  at any one t im e .
(b) suppress ion o f te s t ic u la r  a b il i ty  to  produce v ia b le  sperm atozoa, 
again e ith e r by re g re ss io n  o f p re v io u s ly  b reed ing  m a les , o r  by fa ilu re  
o f young m a les to  m a tu re .
(c) conception fa i lu re .
(d) fa ilu re  o f a l l  o r  some o f the  emblems to  develop as a re s u lt  c f  
fo e ta l re s o rp tio n .
In  genera l, these phenomena have been m ost often observed in  
enclosed fre e ly -g ro w in g  lab o ra to ry ' popula tions c f house m ice , w he re  
th e re  has been l i t t le  scope fo r  a so c ia l system  of any co m p le x ity , based 
upon t e r r i t o r ia l  subd iv is ion  o f the  ava ila b le  space to  deve lop , (e .g . 
S tre c k c r and L m le n , 19C2; Crowe re f t  and Rowe, 1037; P e tru s  ew icz, 
1937, 1SG3; L id lc k e r ,  1335), T h is  depress ion  o f re p ro d u c tio n  lias  
u s u a lly  been observed to  occu r a fte r  a ra p id  in i t ia l  in c re a se  in  num bers  
due to  b reed ing  by  the  founder m em be rs , fo llow ed , as p ro g re s s iv e ly  
m o re  crow ded cond itions have led  to  a r is e  in  th e  ra te  o f agg ress ive  
In te ra c tio n s , by  fa ilu re  o f both m a le  and fem a le  a n im a ls  to  m a tu re  
sexua lly , and by  the  sexual re g re s s io n  o f adu lts  w h ich  had p re v io u s ly  
been in  b reed ing co n d itio n .
R eproductive  sb jn ting  has a lso  been observed in  house mouse 
popula tions in  la rg e r ,  m o re  com plex enclosures, w here s p a tia l sub­
d iv is io n  as a re s u lt  o f t e r r i t o r ia l  behaviour has been poss ib le ; in  
these la rg e r  enc losures, i t  has u s u a lly  acted to g e tlie r w ith  o th e r fa c to rs , 
r a t l ie r  than a lone, to  c o n tro l num bers  (Southw ick, 1353(a); C h ris tia n , 
195G; L lo y d , 1975; L id lc k e r ,  1973).
(3.
T h a t re p ro d u c tive  in li ib it io n  is  the  d ire c t re s u lt o f c ro w d ing  has 
been dem onstra ted by C ro w c ro ft and H ow e, A s  m entioned above, 
in h ib it io n  o f re p ro d uc tio n  o f fem a les  was shown by  them  (1957) to  have 
had t lie  m ost s ig n ifica n t e ffec t on th e ir  popula tions c f house m ic e  in  
s m a ll la b o ra to ry  enc losures* In  a subsequent paper (C ro w c ro ft and 
Rowe, 1958), they  showed t l ia t  non-fecund m em bers  o f asymptotic 
popula tions in  these s m a ll enc losures, e ith e r moved o r  a llow ed to  
m ove o f th e ir  own acco rd  in to  la rg e r  (ISO, 225, o r  40011*") pens, 
ra p id ly  became re p ro d u c tiv e ly  capable again, and popula tion g row th  
was renew ed; an im a ls  ju s t m oved fro m  one s m a ll pen to  another 
rem a ined  re p ro d u c tiv e ly  in liifo ite d .
D elayed m a tu ra tio n  a t h igh  dens ities  has a lso  been observed in  
con fined populations o f vo les (C la rke , 1855; Van \v ijngaarden , 1960; 
K e lle r  and K re b s , 1970), S im ila r ly ,  in  fre e  liv in g  popula tions, 
re p ro d u c tive  s tun ting  at h igh  de ns ities  has been observed both in  vo les  
(K a le la , 1957; Koshîdna, 1955; Z e jda , 1934; C h ris tia n , 1 971 !b^d  
house m ice  (DeLong, 1867). E u ja lska  (1970) has suggested th a t, in  
an is la nd  population o f banîc vo les  in  Poland, stud ied e x te ns ive ly  by  
h e rs e lf  and o the rs  (G liw ic z , 1875, l is ts  the  m a jo r  re fe re n ce s ) 
t e r r i t o r ia l  behav iour o f adu lt b reed ing  fem a les p reven ts o th e r fem a les  
fro m  com ing in to  b reed ing  cond ition , and so l im its  the  num ber o f 
young bo rn ; in  e ffec t, n o n - te r r i to r ia l  fem a les  a re  re p ro d u c tiv e ly  
in h ib ite d  by  the  so c ia l b e lia v io u r c f  fem a les  w ith  t e r r i t o r ie s .
A  second p h ys io lo g ica l phenomenon th a t has been observed to  be 
associa ted w ith  increased  dens ity  is  fo e ta l re so r^ /tio n . T h is  has been 
shown to  occu r in  crow ded la b o ra to ry  populations o f m ic e  (C h ris tia n , 
1956; L lo yd  and C h ris tia n , 19G3), and percentage re s o rp tio n  was 
shown by C ro w c ro ft and Rowe (1957) to  be s ig n if ic a n tly  h ig h e r in  
th e ir  crow ded popula tions than in  a p rev iou s  study (L a u r ie , 1946) o f 
f re e - l iv in g  house m ic e . F o e ta l re s o rp tio n  lias  a lm o s t c e r ta in ly  been 
the  cause c f the observa tion  tha t l i t t e r  s ize  is  lo w e r a t h igh de ns ities , 
both in  m ic e  (e .g .S ou th w ick , 1958) and vo les (Ze jda , 1964; K e lle r
' t .
and K re b s , see a lso  K rebs and M y e rs . 1974, pp291-3 fo r  a re v ie w ).
A  fu r th e r  p h ys io lo g ica l consequence o f c ro w d ing  w h ich  has been 
dem onstra ted in  both vo les  and m ic e  is  perm anent s tun ting  c f young 
as a re s u lt  o f de fic ien t la c ta tio n  (C h itty , 1955; C h ris tia n  and 
Le inm iyan, 1950). Young p h y s ic a lly  stunted in  th is  way w ould c le a r ly  
be a t a disadvantage in  crow ded cond itions and less  l ik e ly  to  b reed  
than n o rm a l in d iv id u a ls .
The  m echan ism  by  w h ich  i t  Is  hypothesised tha t increased  ra te s  
o f s o c ia l in te ra c tio n  a ffec t the  re p ro d u c tive  phys io logy o f in d iv id u a l 
a n im a ls  is  one by w h ich those in te ra c tio n s  cause increases  in  the 
func tion in g  o f the  p itu ita ry -a d re n o c o r t ic a l ax is  lead ing to  increased  
le ve ls  o f a d re n a l androgens and progeste rone ; these m ay in  tu rn  
in l i ib it  gonadotrophin sec re tio n  and hence m a tu ra tio n . Low  a r t i f ic ia l  
doses c f some a d re n a l androgens have been shown to  in l i ib it  
m a tu ra tio n  o f im m a tu re  m ic e  (C îir is t ia n  et a l, 1955). G onadotrophin 
se c re tio n  m ay a lso be in h ib ite d  by A C T II, poss ib ly  by  the in h ib it io n  
o f t l ie  secre tion  o f hypotha lam ic go n ad o troph in -re leas ing  horm ones 
(C h r is tia n , 1975).
S tudies c f  s ta tic  groups o f m ice  assem bled in  cages fo r  
re la t iv e ly  sho rt p e riod s , (as opposed to  fre e ly -g ro w h ig  popu la tions), 
have dem onstra ted o th e r e ffec ts  th a t m ay w e ll be im p o rta n t, a t lea s t 
in  v e ry  crow ded popula tions; t lie s ü  a re  re la t iv e ly  s h o r t- te rm  
p h ys io lo g ica l re p ro d u c tive  b lo cks , c o n tro lle d  by  o lfa c to ry  cue s . F o r  
instance, the  Lee -E oo t e ffec t causes pseudo-pregnancy when a few 
fe m a le  m ice  a re  grouped to g e th e r, but can cause anoestrus when 
la rg e  groups o f fem a les  a re  assem bled (Lee and B oot, 1956; Y h itte r^  
1959). S im ila r ly ,  the  B ru ce  e ffec t, (B ru ce , 19GC(a) and (b)) causes 
im p la n ta tio n  to  be b locked when a new ly  insem ina ted  fem a le  is  
exposed to  a strange m a le  o r h is  odour. T h is  phenomenon has been 
observed in  both house m ice  and se ve ra l species o f r^.Ticrotus (B ru ce ,
19G0; C lu low  and C la rk e , 1SG3; B ronson, 1971). The odour o f
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con s pec I f  le s has a lso  been shown to  be ab le  to  de lay m a tu ra tio n  in  
both m a le  and fe m a le  P erom yscus 1 eue opus (R ogers and Beaucham p, 
1S7G) and in  fem a le  m ice  (Vandenbergh, 1973). The ro le ,  i f  any, o f 
these phenomena in  n a tu ra l o r  f re e ly  g row ing  enclosed po’iu la tio n s  
o f rodents is  no t In o w n .
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1 .1 (b ), The re la tio n s h ip  between s o c ia l in te ra c tio n s , endocrine 
phys io logy, and m o r ta l i ty .
A s  set out in  the  p rev ious  section , i t  is  postu lated th a t th is  
m echan ism  is  based upon the  a c tiv a tio n  o f the  p itu ita ry -a d re n a l 
sys tem  by  Increased ra te s  o f s o c ia l in te ra c tio n  at h igh  d e n s ity . I t  
is  hypothesised th a t increased  a d re n o c o rtic a l a c t iv ity  leads to  
ra is e d  le ve ls  o f c o r t ic o id s , w h ich  in l i ib it  an tibody fo rm a tio n  and 
in fla m m a to ry  responses; as a re s u lt,  th e re  is  an in c re ase  in  
s u s c e p tib ility  to  d isease and p a ra s it is m , and hence, in d ire c t ly ,  to  
m o r ta l i ty .  T h is  phenomenon has been m uch m o re  ra re ly  observed 
than in h ib ite d  re p ro d u c tio n  a t h igh  de ns itie s , and i ts  e ffec t on n a tu ra l 
popula tions o f roden ts  is  un lm oun ( C h r is t ia n  et a l,  1955).
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1 »2. The re la tio n s h ip  between so c ia l in te ra c tio n s  and m o r ta l i ty .
In  th is  section , the  d ire c t e ffec ts  o f s o c ia l in te ra c tio n s  upon 
m o r ta l i ty  a re  to  be cons idered ; In  o th e r w o rd s , death m ust be the  
d ire c t re s u lt  o f c o n flic t, o r  t l ie  re s u lt  o f increased  d is tu rbance  and 
a c t iv ity  associa ted w ith  h igh  d e n s itie s . I t  would seem reasonab le  to  
assum e th a t ne s tlin g s  a re  m ost vu ln e ra b le  to  g ene ra l d is tu rba nce  in  
crow ded popu la tions, and h igh  m o r ta lity  o f in fa n ts  lias  re pea ted ly  
been observed in  stud ies o f enclosed popula tions o f bo th  m ic e  and 
vo les  (E rov/n , 1953; Southw ick, 1955(b); C h r is t ia n , 1956; Louch, 
1956; A nderson , 1931; E e irn e r and P e tra s , 1937; L lo y d , 1975; 
L id lc k e r ,  1965, 1978). T h is  h igh  neonata l m o r ta l i ty  has been 
a sc rib e d  in d iv id u a lly  to  abandomnent o f the  young b y  th e ir  m o th e r, 
ca n n ib a lism , tra m p lin g  and nest d is tu rbance , o r  to  com b ina tions o f 
these ; i t  has, in  the  m a in , been associa ted w ith  popula tions enclosed 
in  re la t iv e ly  com plex la b o ra to ry  o r  f ie ld  enc losures , w here  i t  is  
poss ib le  fo r  m o re  extensive s p a tia l su b -d iv is io n  to  develop than in  
la b o ra to ry  cages. House m ic e  have been shown to  be t e r r i t o r ia l  in  
m any stud ies o f la rg e  cap tive  co lon ies  (C ro w c ro ft, 1955; C ro w c ro ft 
and Rowe, 1933; A nderson  and H i l l ,  1835; R e im e r and P e tra s , 1937 
and L id lc k e r ,  1973), and in  f ie ld  and com m ensa l s itu a tio n s  (Anderson 
and H i l l ,  1965; I le im c r  and P e tra s , 19G8; Rowe and R ed fe rn , 1939); 
i t  has a lso  been shovm th a t te r r i to r ie s  a re  no t n e c e s s a r ily  he ld  by 
in d iv id u a ls , but m ay be he ld  by  s o c ia l groups (E e irn e r and P e tra s ,
1937; Selander, 1970; L id lc k e r ,  1976). I t  w ould appear tha t in  
enclosed populations o f m ic e  a t le a s t, ju v e n ile  m o r ta lity ,  associa ted 
w ith  increased  popula tion dens ity , is  the  re s u lt o f e levated le v e ls  o f 
a c t iv ity  and aggress ive  behav iour w ith in  these d is c re te  and re la t iv e ly  
stab le  s o c ia l g roups, s ince t e r r i t o r ia l  groups in  the  same hab ita t can 
e x is t a t w id e ly  d if fe r in g  de ns ities  (L id lc k e r ,  1973).
In  th e  stud ies described  above, the  re la tio n s h ip  between 
potTulation dens ity  and in fa n t m o r ta l i ty  lias  been s im p ly  observed; in  
a few  cases, an exp e rim e n ta l approach has been a ttem p ted . C o n tro lle d  
d is tu rbance  (e ith e r by  cage changing, o r  b y  the  add ition  o r  re m o v a l o f 
in d iv id u a ls  fo r  a l im ite d  pe riod ) o f caged m ouse popula tions by 
P e trusew icz  (1957, 1983) e levated s ig n if ic a n tly  bo th  ju v e n ile  s u rv iv a l 
and the  num bers  b o m ; c o n tro lle d  exp lo ita tio n  o f m ouse popula tions
Id.
o f ju v e n ile  m o r ta lity  o r  re p ro d u c tive  in h ib it io n  in  re g u la tin g  
popula tion nu m be rs .
Zo.
1 .3 . The re la tio n s h ip  between s o c ia l in te ra c tio n s  and d is p e rs a l.
M any o f the  stud ies so fa r  described  have been on enclosed 
popula tions o f house m ice  and vo les , w here e m ig ra tio n  (and 
im m ig ra tio n ) iiave been co m p le te ly  th w a rte d . H ow ever, i t  has long 
been observed tha t the  d e ns ities  reached in  a r t i f ic ia l ly  enclosed 
popula tions o f rodents com m on ly  g re a tly  exceed dens ities  found in  
n a tu ra l popu la tions. The d iffe re n ce  between fre e - l iv in g  and 
enclosed populations is  perhaps m ost s tr ik in g  when m ic e  o r  vo les  
a re  confined in  la rg e  outdoor enc losures; in  these con d ition s , w here 
th e re  is  space fo r  a com plex so c ia l system  to  develop, i t  m igh t té  
expected tha t s o c ia l behav iour cou ld  act to  c o n tro l dens ity  a t a 
le v e l s im ila r  to  fre e  liv in g  popu la tions . T h is  has no t, how ever, 
been found to  be the  case, and e x tre m e ly  h igh  asym pto tic  de ns ities  
o f both m ice  and vo les  liave re pea ted ly  been observed in  la rg e  
enclosures (C la rke , 1955; Louch, 1856; C ro w c ro ft and Rowe, 1957; 
Van Vvijngaarden, 1980; H ou lihan, 19GS; G en try , 1868; K reb s  et 
a l,  1869; L id lc k e r ,  1876). In  the  m a jo r ity  of these cases, food and 
w a te r w ere  supplied in  excess, th e re b y  m aking  i t  im p o ss ib le  to  
e lim in a te  these as fa c to rs  a llo w in g  the  popula tion to  expand so 
d ra m a tic a lly . F ir s t ly ,  how ever, p ro v is io n  c f supp lem enta ry  food 
to  f re e - l iv in g  populations o f vo les  has not proved s u ff ic ie n t a lone to  
produce a peak population, o r  to  p reven t a dec line  (K re bs  and Delong, 
1965) and secondly, vo les  in  la rg e  enc losures w ithou t supp lem enta ry  
food have s t i l l  exh ib ited  v e ry  h igh in i t ia l  ra te s  o f in c re ase  in  de ns ity , 
w ith  m ax im a  fa r  in  excess o f n o rm a l f ie ld  de n s itie s , and w ith  
s ta rva tio n  and dec im a tion  o f the fo rage  on ly  se tting  in  la te r  (K rebs et 
a l,  1969). Thus I t  would appear tha t d is p e rs a l a lone is  an im p o rta n t 
fa c to r  in  c o n tro llin g  the de n s ity  o f s m a ll m a m m a l popu la tions, and 
th is  case has been cons is t m t ly  argued by  V .2  .L id lc k e r  (see 
L id lc k e r ,  1975), Be argues fo r  the  existence o f both p re -  and post- 
sa tu ra tio n  d is p e rs a l and suggests tha t the  fo rm e r  occu rs  w e ll be fo re  
the num bers o f an im a ls  approach c a r ry in g  cap ac ity , and is  c a r r ie d  
out by a n im a ls  in  good cond ition , o f any age o r  sex o r  g roup (inc lud ing  
pregnant fem a les), w ith  good chances o f s u rv iv a l.  S atu ra tion  
d is p e rs a l, on the  o th e r hand, is  the  ou tw ard m ovem ent o f su rp lu s .
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probab ly  s o c ia lly  subord inate , ju v e n ile  o r  o ld  in d iv id u a ls , fo rce d  to  
d isp e rse  as the  popula tion reaches the c a r ry in g  ca p ac ity  o f its  
ha b ita t, and w ith  poor chance o f s u rv iv a l.  T h is  la t te r  is  the  
tra d it io n a l v iew  o f d is p e rs a l (L id lc k e r , 1975). The concept o f p re -  
sa tu ra tio n  d is p e rs a l is  m o re  con ten tious, bu t has been observed in  
house m ic e , banlc vo les  and se ve ra l species o f M ic ro tu s , as w e ll as 
in  o th e r roden t groups (see l is t  in  L id lc k e r ,  1255, p . 108;
H ilb o m  and K re b s , 1976; K reb s  et a l,  1976). Both types, but 
p a r t ic u la r ly  p re -s a tu ra tio n  d is p e rs a l, a re  m edia ted by sociaJ. 
behav iou r, and both can obv ious ly  have profound dem ographic 
e ffe c ts . R egu la tion  o f num bers  can be acM eved by sa tu ra tio n  
d is p e rs a l, w here d is p e rs a l o f in d iv id u a ls  in to  m a rg in a l hab ita t 
p robab ly  causes w idespread m o r ta l i ty .  P re -s a tu ra tio n  d ispersa l^on  
the o th e r hand, se rves  to  prevent num bers fro m  re ach in g  c a r ry in g  
capac ity , by  co lo n is ing  unused, perhaps on ly  te m p o ra r ily  su itab le , 
h a b ita t.
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1 .4 . The re la tio n s h ip  between s o c ia l behav iou r, genetics and
The f in a l m a jo r  m echan ism  by w h ich  i t  is  suggested tha t 
so c ia l behav iour a ffe c ts  the  popu la tion  dynam ics c f roden ts  is  
ra th e r  m o re  com plex tlia n  the  o th e rs , and is  d e rived  fro m  the 
hypothesis o r ig in a lly  proposed by C h itty  (1958). The c e n tra l fe a tu re  
o f t i l ls  hypothesis is  tha t se le c tion , a c tin g  th rough  b ehav iou ra l 
In te ra c tio n s , causes s h o r t- te rm  genetic changes w ith in  the  
popu la tion , w h ich  a ffe c t the  aggress iveness, b reed ing  success and 
p ro pe ns ity  fo r  d is p e rs a l o f in d iv id u a ls , and cause the  re g u la r  c y c lic  
ciianges observed in  vo le  po^x ila tions. I t  is  best sum m arised  in  a 
d ia g ra m  fro m  K rebs and M y e rs , (1974, p . 384) (F ig .  1 .1 . ) ,  and is  
rev iew ed  fu l ly  b y  K rebs  et a l (1973) and K reb s  and M y e rs  (1974).
The evidence fo r  t î i is  m echan ism  being the  d r iv in g  fo rc e  behind 
vo le  cyc le s  is  la rg e ly  c irc u m s ta n t ia l.  I t  has been shown tha t 
genetic ciianges (tlie  frequency o f po lym orph ic  m a rk e r  genes) 
c o r re la te  (e it lie r  p o s it iv e ly  o r  ne ga tive ly ) w ith  the cy c le  o f num bers  
o f se ve ra l M ic ro tu s  species (Semeonoff and R obertson , 1988; T a m a r in  
and K re b s , 1969; Gaines and K re b s , 1871); agg ress ive  behav iou r, 
m easured in  n e u tra l arena te s ts , has a lso  been shown to  be 
c o rre la te d  w ith  the  piiase o f the  c y c le  (K re b s , 1970). H ow ever, no 
re la tio n  between genotype and agg ress ive  be hav iou r has been found, 
(K re b s , 1370) a lthough p rop e ns ity  fo r  d is p e rs a l, w h ich  p resum ab ly  
is  b e h a v io u ra lly  m edia ted, was found to  be assoc ia ted  w ith  the  phase 
o f the  popula tion cyc le  (M ye rs  and ICrebs, 1971; H ilb o m , 1975; 
m ib o rn  and K re b s , 1978),and I l i lb o r n  (1975) showed th a t th e re  w e re  
s ig n ific a n t d iffe ren ces  in  tendency to  d isp e rse  between s ib lin g  
groups, a lthough, as he pointed out, th is  re s u lt  m ig h t Iiave been due 
to  m a te rn a l, ra th e r  tlia n  genetic in flu e n ce s . H ow ever, no d iffe ren ces  
in  fitn e s s  w ere  detected (G aines, M y e rs  and K re b s , 1971) between 
t l ire e  genotypes o f M ic ro tu s  och rog as te r in troduced  in to  enc losures, 
and studied d u ring  the  phase o f in i t ia l  popula tion g ro w th .
The m a jo r  s tum b ling  b lock  to  acceptance o f th is  hypothesis is  
th a t none o f the  stud ies described  above dem onstra te  w he ther the 
genetic changes a re  t lie  d r iv in g  fo rc e  behind the  popula tion changes.
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F ig . 1 .1 .  M odi fie d  v e rs io n  o f the  C h itty  b e h a v io iira l-genetic 
hypothesis  to  exp la in  M ic ro t in e  cyc les  ( fro m  K re b s  
and M y e rs , 1974)).
Inc rease  in  num bers
i
m u tu a l in te rfe re n c e/
reduced g row th  o f re s id e n t 
popula tion because o f:-
lo w e r 
re p ro d u c tio n
incre ased
m o r ta l i ty
se le c tion  fo r  
spacing behav iour
reduced popu la tion  
s ize  ' '
reduced in te rfe re n c e
se le c tion  fo r  h igh  
re p ro d u c tiv e  p o te n tia l
in c re a se  in  num bers
e m ig ra tio n
co lo n isa tio n  o f 
vacant a reas
re fuge  popu la tions in  
m a rg in a l hab ita ts  (?)
im m ig ra tio n
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o r  w he ther the dem ographic processes o f m o r ta l i ty  and n a ta lity  a re  
causing t lie  ciianges in  gene fre q u e n c ie s . K re b s  and M ye rs  (1974) 
a rgue fo r  t l ie  fo rm e r , but th e re  is ,  as ye t, no conc lus ive  evidence.
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The fo u r poss ib le  in t r in s ic  m echan ism s o f roden t popula tion 
c o n tro l rev iew ed  above liave  a c le a r  com m on fa c to r , and th a t is  th a t 
the y  a l l  depend upon th e re  be ing  a re la tio n s M p  between so c ia l 
b e lia v io u r and population d e n s ity . M o re  s p e c if ic a lly , they  assum e a 
p o s itiv e  re la tio n sM p  betv/een e ith e r t l ie  quan tity  a n d /o r  q u a lity  o f 
agg re ss ive  in te ra c tio n s  and popu la tion  d e n s ity . I t  is  not ne cessa ry  
to  assum e tha t th is  re la tio n s h ip  is  lin e a r , and evidence t lia t  th e  
frequency o f In te ra c tio n s  between in d iv id u a ls  is  ne t d ire c t ly  
p rcp o id io n a l to  popu la tion  density , a t lea s t in  f ie ld  popula tions o f 
M ic ro tu s  c a lifo m ic u 3 (P earson, 19G0) and M . och rogas te r (C a r ro l l  
and G etz, 1976) suggests th a t tM s  assum ption  w ou ld be u n w a rra n te d .
The c e n tra l a im  o f the  p resen t study was to  d e te rm ine  
e xp e rim e n ta lly  i f  m a le  aggress ive  behav iour was associa ted w ith  
popula tion va r ia b le s  in  com m un ities  o f bank vo le s , C le tlir io n o m y 3 
g la rep lu g  (S c lireb e r, 17G0) in  la rg e  f ie ld  enc losu res ; in  p a r t ic u la r ,  
the  a im  was to  m o d ify  o v e ra ll le ve ls  o f ag g ress ive  behav iou r in  the 
popula tion in  one enclosure  (h e re a fte r ca lle d  'th e  e xp e rim e n ta l 
enc losure*) w ith  respect to  Üie le ve ls  o f ag g ress ive  behav iou r in  the 
po^mlation in  a n o tlie r enc losure  (h e re a fte r c a lle d  *tlie  c o n tro l 
enc losure*), and to  de te rm ine  the  e ffec ts  o f th is  m an ipu la tion  upon 
dem ograp liic  v a r ia b le s . T h is  was acM eved b y  es ta b lish in g  in  each 
o f the  enc losures s im ila r  populations o f bank v o le s . In  the  
exp é rim e n ta l enc losure , the  m a jo r ity  o f the  founding m a les  w e re  
ca s tra te d ; in  the c o n tro l enc losure , none o f the  m a les  w e re  
c a s tra te d . O ther v a r ia b le s  (w eight -  s tru c tu re  o f the  in troduced  
postulations, enc losure  a reas , a v a ila b il ity  o f food and w a te r, e tc .)  
w e re  kept constan t. T h is  th e s is  is  th e re fo re  d iv ided  in to  th re e  
m a jo r  p a rts , each co rrespond ing  to  a section  o f the  s tudy .
F i r s t ly ,  i t  was necessary  to  de te rm ine  the  e ffec ts  o f c a s tra tio n  
on the  ag gress ive  behav iour o f bank vo le s ; t l i is  was done in  a 
la b o ra to ry  study o f in te ra c tio n s , in  a n e u tra l a rena , between p a irs  
o f vo les  drav/n fro m  labora to r^^-m a in ta ined groups o f in d iv id u a lly  
housed adu lt, im m a tu re  and cas tra te d  m a le  bank v o le s . T h is
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study is  described  in  C hapter 2, w ith  a re v ie w  o f the  l i te ra tu re  on 
th e  fa c to rs  tha t a ffec t rodent agg ress ive  b c îia v ic u r.
Secondly, i t  was necessary  to  de te rm ine  the  degree to  w h ich  
the  behav iou ra l in te ra c tio n s  observed between vo les  in  the  n e u tra l 
arena w ere  con iparab lo  to  those o c c u rr in g  under f ie ld  cond itions ; 
d ire c t observa tions o f behav iou ra l in te ra c tio n s  between vo les  a t ba it 
po in ts in  the enclosures and at a f ie ld  study s ite  v /e re  th e re fo re  
c a r r ie d  cu t. T h is  study is  described  in  C hapter 3.
F in a lly ,  popula tions o f vo les  w ere  estab lished in  the  enclosures 
as described  above, and fo llow ed by liv e - tra p p ln g . T h is  study is  
described  in  C hapter 4, w h ich  inc ludes a re v ie w  c f the  l i te ra tu re  
d e rive d  fro m  prev ious re se a rch  in  w h ich  the  dem ographic 
consequences of de lib e ra te  m an ipu la tion  c f rodent popula tions have 
been s tud ied . O n ly  one in tro d u c tio n  o f vo les in to  the enclosures was 
fo llo w e d  fo r  long enough to  g ive  u se fu l re s u lts  on popuFdicn dynam ics 
{expe rim en t L’ldC h 4); at the  end o f th is  experim ent, w h ich  ra n  fo r  
10 m onths, the behaviour c f  some o f the an im a ls  rem oved fro m  the  
enclosures was tested  us ing  the  same n e u tra l arena technique 
m entioned above, and p re v io u s ly  used in  the  m a in  behaviour study to  
com pare  the behaviour o f adu lt, cas tra te d  and im m a tu re  m a le  v o le s . 
The re s u lts  c f th is  supp lem entary study o f behaviour a re  described  
in  Chapiter 2 .
27.
I ?m cratcry observation o f m a le  bank vo le  behav iour
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2 . 1 . INTRO DUCTIO N
M any fa c to rs  have been shown e xp e rim e n ta lly  to  a ffe c t the 
outcome o f in te ra c tio n s  betw*een m a le  rodents in  the la b o ra to ry ; any 
study c f the  aggress ive  behaviour o f roden ts in  t iie  la b o ra to ry  m ust 
take  these fa c to rs  in to  account, and a llov / fo r ,  o r  e lim in a te  th e m .
T h is  in tro d u c tio n  th e re fo re  re v ie w s  a la rg e  num ber o f stud ies 
on v a r io u s  aspects o f rodent ag on is tic  behav iour, w ith  p a r t ic u la r  
re fe re n ce  to  the in t r in s ic  fa c to rs  a ffe c tin g  i t .  The f i r s t  f u l l  d e sc rip tio n  
o f t lie  behaviour o f a m ic rc t ln e  roden t in  the la b o ra to ry  was C la rk e ’ s 
(1356) study c f the aggress ive  behaviour of the  f ie ld  vo le , Iv lic ro tus  
a g re s t is . He described  q u a lita t iv e ly  va rio u s  acts  and postu res observed 
in  in te ra c tio n s  between both adu lt and ad u lt, and adu lt and im m a tu re  
vo le s , and m a les and fe m a le s . A s  w e ll as d e sc rib in g  adu lt m a le -a d u lt 
m a le  behav iour, he noted th a t adu lt m a les w i l l  a ttack  m a les  o r  fem a les , 
and w i l l ,  i f  successfu l in  f ig h ts , become the dom inant a n im a l o f the  
g roup  to  w h ich  they be long . P regnant and n u rs in g  fem a les  w e re  a lso  
observed to  a ttack an im a ls  approaching th e ir  n e s t. G ran t and M ack in tosh  
(19GS) described  in  d e ta il the behaviour o f fo u r la b o ra to ry  roden ts , 
in c lud ing  M ub m ugculus and drew  a tten tio n  (p247) to  the g la r in g  
inco ns is tanc ies  between p rev ious de sc rip tio n s  c f the  so c ia l be lia v io u r 
c f  ra ts  and m ic e . The names and d e sc rip tio n s  of the m a jo r ity  c f the 
b ehav io u ra l com ponents scored in  the  p resen t study w e re  de rived  
e ith e r fro m  G ran t and M ackin tosh  (1965) o r  fro m  C la r  e (1956), and 
a re  described  fu l ly  In  section  2 .2 .2 ; m ost o f the  stud ies to  be described  
below hzive a lso  de rive d  m uch o f th e ir  nom enc la tu re  c f behav io u ra l 
com.ponents fro m  these tw o papers . Getz (1932) described  the agg ress ive  
behav iour o f kT icro tus pennsylvanicu s and TvTicrotus o ch rcga s te r but 
pooled resu lts, fro m  m a le  and fem a le  encounters, used each a n im a l 
se ve ra l t im e s , and used s m a ll num bers o f in d iv id u a ls . A l l in  and Banks 
(1968) described  in  d e ta il the  agon is tic  b e lia v iou r o f se:<ually m a tu re  
m a les c f the  c o lla re d  lem m in g  D icrostcn>o; g roen land icus , and re co rded  
the du ra tio n  and frequency of eleven com ponents o f aggress ive  
be h av io u r. H ow ever, on ly  21 encounters w ere  observed •with no a ttem pt 
to  m a tch  the  an im a ls  o f a p a ir  fo r  age, w e igh t o r  experie nce . In  one o f 
a s e rie s  o f papers on the  popula tion b io lo gy  o f M ic ro t i is , K re b s  (1970) 
com pared clianges in  the  agg ress ive  behav iour o f the  m a le  M ic ro tu s
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pennsylvan icu3 and M ic ro tu s  o ch rog as te r w ith  changes in  num bers 
ove r a population cyc le ; u s in g  C la rk e 's  (1953) d e sc rip tio n  of 
be hav io u ra l ca te go ries , he used M u lt ip le  d is c r im in a n t a n a lys is  
succe ss fu lly  to  c h a ra c te r is e  the  behav iour o f m a les  fro m  d iffe re n t 
phases of the  cy^cle. C o lv in  (1370) described  the  in te rs p e c if ic  
b e lia v io u r o f f iv e  species o f M ic ro tu s  in  160 encounters between p a irs  
c f in d iv id u a ls  o f the  d iffe re n t species, us ing  the  be hav io u ra l 
com ponents described  by A l l in  and Banks (1936). T u rn e r  and Ive rso n  
(1373) showed t l ia t  aggress ive  behav iour c f M ic ro tu s  pennsyIvan icu3 
va r ie d  ove r the season by com bin ing  the weighted va lues o f fo u r  
agg ress ive  acts in to  an Index c f agg ress ion  and show ing t l ia t  th is  was 
s ig n if ic a n tly  h ig h e r du ring  the  b reed ing  season tlia n  ou ts ide  i t .
A  few stud ios have been made on the agon is tic  b e lia v io u r c f 
C le tlir io n o m ys  spec ies. Von ' V o lk c r  Johst (1967) com pared the 
behav iou r o f fo u r species c f C le tlir io n o m y s  ( in c lu d in g  C le th rjon o m ys  
gig re c lu s ) and d iv ided  ag on is tic  be lia v iou r s in to  'A tta c k , defence, and 
escape s y n d ro m e s '. S c iile id t (1945) described  the  sounds made by 
Evotom ys (C le th rlo n o m ys) g la re o lu s . P e r r in  (1970) describe d  and 
com pared the  b e ha v io u ra l e lem ents o f M ic ro tu s  a g r est is  and 
C le th riono m ys g la re  p lus , us ing  the  te rm in o lo g y  o f C la rk e  (195C), and 
A sh w o rth  (1973) stud ied the agg ress ive  behaviour o f tw o  subspecies c f 
C le t h r  1 on cm y 3 g la reo lu  3 , the  m a in land  and Sj-iomer fo rm s , and th e ir  
h y b r id s . She noted t l ia t ,  in  a s m a ll n e u tra l a rena , often no agg re ss ive  
behav iou r was observed d u ring  a f iv e  m inu te  encoun te r. T ra n s it io n  
m a tr ic e s  w ere  used to  analy^se sequences c f b e lia v io u ra l com ponents 
and she dem onstra ted th a t the  subspecies behaved s ig n if ic a n tly  
d if fe re n t ly .
A v e ry  la rg e  vo lum e o f l i te ra tu re  on the re la tio n s h ip  between 
endocrines and aggress ive  behav iour in  m u r id  roden ts , p a r t ic u la r ly  
m ic e , ex is ts  as a re s u lt  o f in ve s tiga tio ns  in to  s e v e ra l d is t in c t f ie ld s ; 
these inc lude the o rga n isa tio n a l e ffec ts  o f neonata l h o rm o na l in fluences, 
the  'c o n c u rre n t' (M ugfo rd , 1974) e ffects  of horm ones on b e lia v io u r, the 
re la tio n s h ip  between ho rm o na l s ta tus and aggress ion  -  fa c il ita t in g  and -  
ird iib it in g  cues (u su a lly  pherornones) and the e ffec ts  c f  d iffe re n t 
n a tu ra lly  o c c u rr in g  and a r t i f ic ia l  androgens.
3o.
The developm enta l e ffec ts  c f androgens on n e u ra l o rgan isa tio n  in  
both m a le  and fem a le  neonata l m ic e  a re  w e ll ioiown; c a s tra tio n  and the  
a d m in is tra tio n  of horm ones to  neonates has m a rked  e ffec ts  on the 
fu tu re  developm ent o f behav iour (B ronson and D e s ja rd in s , 1908, 1971; 
Edw ard 3, 1969; P e te rs  et a l, 1972; h it  se tt et a l,  1972). In 
p a r t ic u la r ,  neonata l c a s tra tio n  o f m a le  m ice  p reven ts adu lt ag g ress ive  
responses fro m  develop ing. A  s ing le  in je c tio n  of tes tos te rone  
im m e d ia te ly  a fte r  c a s tra tio n  re ve rse s  the e ffe c t, but a s ing le  in je c t io n  
ton  days a fte r  neonatal ca s tra tio n  is  m uch le ss  e ffe c tive  in  re s to r in g  
adu lt agg ress ive  behav iour (E dw ards, 19uS>).
l.Iany stud ies have shown tha t c a s tra tio n  o f bo th adu lt and im m a tu re  
m a le  m ice  reduces aggress ion ; tlie  a b i l i ty  o f a r t i f ic ia l ly  a d m in is te re d  
androgens to  re s to re  t lie  agg ress ive  behav iour o f ca s tra te s  is  a lso  w e ll 
luiown (U h rich , 1938; Beernnui, 1947; Bevan et a l, 1957; Su chow sky 
et a l, 1969; Haug and Ko[>artz, 1970; Lesloner and k lo y e r , 1973).
L 'h rich  (1938) cas tra ted  both adu lt and p re p u b e rta l m a le  a lb in o ' 
m ic e ; he found tha t p re p u b e rta l c a s tra tio n  g re a tly  reduced fig h tin g , 
w hereas ca s tra tio n  o f adu lts  was m uch le ss  e ffe c tiv e . In both g roups, 
f ig h tin g  continued in  a few'' in d iv id u a ls  fo r  some t im e  fo llo w in g  
c a s tra tio n , end one a n im a l ca s tra te d  as an adu lt fought fo r  m any m onths 
a fte rw a rd s , dem onstra ting  t l ia t  s im p ly  d ra s t ic a lly  lo w e rin g  le v e ls  of 
c irc u la t in g  androgens is  not n e c e s s a r ily  s u ff ic ie n t to  suppress 
agg ress ive  behav iour co m p le te ly . E a r ly  c a s tra tio n  was m o re  e ffec tive  
in  reduc ing  aggress ive  behav iour than was ca s tra tio n  in  adulthood, but 
n e ith e r succeeded in  abo lish ing  f ig h tin g  behav iour co m p le te ly . In 
co n tra s t, Beeman (1947) cas tra ted  la b o ra to ry  m ice  (C57 b lack  o r  Bagg 
a lb ino ) at 23 and 83 days o ld , and found v e ry  l i t t le  aggress ive  behav iou r 
In e ith e r group 25 days a fte r  c a s tra tio n , dnbcutaneously im p lan ted  
pe lle ts  o f tes tos te rone  prop ionate re s to re d  aggress ion ; re m o v a l o f tlie  
im p la n t re su lted  in  a re tu rn  to  tlie  non -aggress ive  ca s tra te  co n d itio n . 
Levan ct a l (1957) found t lia t both t lie  frequency and in te n s ity  o f 
agg re ss ive  acts was g re a te r in  in ta c t m a le  m ic e  (C ^II agouti) tlia n  in  
m a les  cas tra te d  as w ea n lings . They a lso  showed th a t th re e  androgens, 
in c lu d in g  tes tos te rone , re s to re d  fig h tin g  in  cas tra te d  an im a ls , a t a
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dose le v e l o f 150m g/day. In  a second e xp e rim e n t, h o rm o ie  le v e ls  
c f S00-600m g/day g iven to  a d iffe re n t s tra in  o f m ic e  (Swiss a lb ino ) 
appeared to  suppress f ig h tin g  b e h a v io u r. Suchowslcy et a l (1969) 
a lso  dem onstra ted tha t t l ie  percentage o f f ig h tin g  inc idence in  m a le  
Sw iss a lb ino  m ic e  dropped con s id e ra b ly  fo llo w in g  c a s tra tio n . I t  was 
a ls o  stated th a t an im a ls  ca s tra te d  a t the  beg inn ing o f th e ir  SO day 
is o la tio n  and te s tin g  p e rio d  d id  not becom e a g g re ss ive ; the age o f 
c a s tra tio n  was no t how ever s ta ted . L e s lm e r and M o ye r (1975) 
showed th a t in  standard opponent te s ts  m a le  CFvv" a lb in o  m ic e  
ca s tra te d  a t 42 days o ld  fcught s ig n if ic a n tly  le ss  than sham operated 
an im a ls  and le ss  tlia n  ca s tra te s  re c e iv in g  150m g/day o f tes tos te ro ne  
p rop iona te ; th e re  was no s ig n if ic a n t d iffe re n ce  between the sham s 
and the ca s tra te s  w ith  te s to s te ro n e . T hey w ere  unable to  show th a t 
these tre a tm e n ts  had any e ffec t cn avoidance responses to  a g on is tic  
s t im u l i .
In  sum m ary , s tud ies described  above have shown tha t c a s tra tio n  
o f m a le  m ice  bo th  p re -  and p o s t*p u b e rta lly  reduces agg ress ion , but 
tha t p re -p u b e rta l c a s tra tio n  is  p rob a b ly  the m o re  e ffe c tiv e .
The developm ent o f ag g re ss ive  and m a tin g  behav iou r, and o f the  
tes tes  and le v e ls  o f c irc u la t in g  androgens, have been stud ied In  t lie  
mcu'se b y  M cK inney and D e s ja rd in s  (1973). They showed th a t between 
21-55 days o f age, p lasm a androgen concen tra tion  in  m a le  m ice  
increased  by 300 /: and then dropped by around DO a t 100 days o ld . 
T h is  in c re ase  in  p lasm a androgen was associa ted  w ith  a m a rked  
inc re ase  in  the  Leyd ig  c e lls  in  the  tes tes ; sperm atozoa w e re  detected 
in  40 day o ld m ic e . In te rm a le  aggress ion  was f i r s t  observed in  35 
day o ld , p re v io u s ly  iso la ted  a n im a ls , by w h ich  age 99‘, o f m a les had 
exh ib ited  agg re ss ive  b e h a v io u r. In te rm a le  agg ress ive  behav iou r was 
m o re  c lo s e ly  c o rre la te d  w ith  age than w ith  t lie  a.mounts o f any 
p a id lc u la r androgen, bu t M cK inney and De&jirdinscame to  the 
conc lus ion  tha t the  onset c f agg ress ive  behav iour co incided w ith  
genera l e leva tion  o f androgen se c re tio n ; t lie y  a lso  suggested tha t 
the onsets c f m a ting  and f ig h tin g  b e lia v io u r w e re  indépendant c f one 
ano ther, and th a t the  n e u ra l cen tres  c o n tro llin g  aggress ion  re q u ire d
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lo w e r androgen le ve ls  fo r  a c tiva tio n  than d id  those a c tiv a tin g  
sexual b e hav iou r. B ra in  and N o w e ll (19S9) a lso  describe d  changes in  
organ w e igh ts  and liis to lo g y , and fig h tin g  behav iou r associa ted  w ith  
m a tu ra tio n  o f T T  m ic e . F ig h tin g  behav iou r was associa ted  w ith  
developm ent c f the tes tes  in  M ic ro tu s  pennsylvanicus by C h r is t ia n  
(1971a)ihe showed a c o r re la t io n  between sca rs  re ce ive d  fro m  
fig h tin g  and sem in a l v e s ic le  w eigh t, assum ing developm ent o f the  
la t te r  to  p a ra lle l te s t ic u la r  se c re tio n  o f an d rogens. L e vy  and K ing  
(1953) found tha t a c o n tro l g roup o f m a le  m ic e  w ou ld  not f ig h t b e fo re  
24 days o f age, but tha t by subcutaneous in je c tio n  c f 0 .5 m g  o f 
tes tos te rone  prop ionate , the y  w ere  ab le  to  m ake m ic e  fig h t as e a r ly  
as 18 days o ld . Lagers  pet z and T a lo  (1967) a lso  showed tha t the  age 
a t w h ich  agg ress ive  behav iour was observed cou ld  be low e red  by 
a d m in is tra tio n  o f te s to s te ro n e . Svare and Gandleraan (1975) s tud ied 
the  in te rm a le  agg ress ive  b e lia v io u r o f m a le  K ocldand-Sv/iss m ice  
between the  ages o f 21 and 50 days; th e y  found th a t te s tos te rone  
prop ionate  a d m in is te re d  in  an o i l  ve h ic le  to  ca s tra te d  m a le  m ice  
fro m  day 21 c f l i fe  to  day 50 caused them  to  exh ib it a g g re ss ive  
behav iour, w^hether o r  no t they had been g iven tes to s te rone  prop ionate  
n e o n a ta lly . C o n tro l an im a ls  g iven o i l  a lone fro m  days 21-50 
exh ib ited  no aggress ive  b e lia v io u r. I t  v /cu ld  c le a r ly  appear to  be the  
case, th e re fo re , th a t the  onset o f agg ress ive  behav iour in  m a le  m ice  
is  d ire c t ly  associa ted  w ith  puberty , and in  p a r t ic u la r  the onset o f 
the  sec re tion  of te s t ic u la r  androgens.
The mode o f ac tion  o f androgens in  m e d ia ting  ag g re ss ive  
behaviour is  no t Imown; how ever, Owen, P e te rs  and B ronson (1974) 
have shown, by s te reo tax ic  im p la n ts  o f tes tos te rone  prop ionate in to  
v a r io u s  p a rts  o f the b ra in  o f cas tra te d  m a le  C F I m ice , and subsequent 
te s tin g  fo r  aggress ion , tha t the  sep ta l re g io n  o f the  fo re b ra in  is  
respons ive  to  androgen, b lo tn ick  and k IcM u lle n  (1972) have found tha t 
sep ta l le s iü iiÿ  abo lish  aggress ive  behaviour in  m a le  C F I m ic e .
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The ro le  o f t lie  ad re n a l gland in  ag g re ss ive  b e lia v io u r lia s  a lso  
been m uch inves tiga ted , (see L e s lm e r, 1975; L e sh n e r and Ccndland, 
1973 fo r  re v ie w s ). A d re n a le c to m y c f  m a le  m ice  reduces 
aggress iveness, and c o rtic o s te ro n e  rep lacem en t the rap y  re s to re s  i t  
in  operated m ic e  to  t lie  le v e l o f in ta c t c o n tro ls  (B ra in  et a l,  1971;
B ra in  and F oo le , 1974; L e s lin e r, 1D72; L e s h n c r et a l,  1973). In  
genera l, the  e ffec ts  a re  no t so m a rked  as th e  e ffec ts  o f c a s tra tio n  
and androgen rep lacem en t th e ra p y . Since androgen the rap y  does no t 
re s to re  agg ress ive  behav iou r to  ad rena lec tom ised  m a le  m ic e , n o r  
co rtic o s te ro n e  re s to re  i t  in  ca s tra te d  m a le  m ic e , t l ie  tv/o system s 
appear indépendant (L e s îm e r, 1972). L e s lin e r et a l  (1973) and B ra in  
and Poole (1974) suggest tha t i t  m ay be the  le v e ls  o f c irc u la t in g  A C T II,  
ra th e r  than le v e ls  o f c o r t ic o s te ro id s  o r  ad ren a l androgens t lia t,  
p resum ab ly  th rough  n e u ra l ac tio n , a c tu a lly  a ffe c t agg re ss ive  b e h a v io u r. 
The com plex na tu re  o f the  s tru c tu re  and fun c tion  o f the ad ren a l g lands 
in  m ic e  m eans tha t th e  re la tio n s h ip  between p itu it r y  -  a d re n o c o rtic a l 
in fluences and behav iou r in  m ic e  is  ne t w e ll understood (B ra in , 1972); 
the m arked  v a r ia t io n  o f the gland between d iffe re n t groups o f roden ts 
a lso  m eans tha t i t  is  not re a lly  poss ib le  to  genei*alise fro m  the find ing s  
o f la b o ra to ry  m ic e .
I l l  aH the  p rev ious  exam ples, i t  lia s  been s o le ly  the e ffec ts  o f 
horm ones on agg re ss ive  behav iou r t l ia t  have been in v e s tig a te d . 
P re v io u s  so c ia l experience has a lso  been shoi't-n to  have a m a rke d  
e ffec t on subsecfuent b e lia v io u r. The  study c f M cK inney and 
D e s ja rd in s  (1973) shoived tha t p re v io u s ly  iso la ted  m a le s , w ithou t 
f ig h tin g  experience, cou ld  e id iib it spontaneous agg ress ive  behav iou r, 
and in  m any o f t lie  s tud ies described  above, m a le  m ic e  w e re  iso la ted  
as w eanlings and th e re fo re  had no opportun ity  to  f ig h t be fo re  be ing 
tes ted  fo r  the f i r s t  t im e .  H ow ever, In  co m p e titive  agg ress lcn  te s ts , 
us in g  m a le  C57B1/1D m ice , Bevan et a l (1260) showed tlia t p re - te s t 
experience was h ig h ly  im p o rta n t In d e te rm in in g  the w in n e r . The fa c t 
th a t se ve ra l au tho rs  have used tra in e d  f ig h te rs  c r  lo s e rs  as s tim u lu s  
a n im a ls  in  n e u tra l arena tes ta  shows tha t experience m ust be an 
im p o rta n t fa c to r  (Sad le ir ,  10G5; H ealey, 19C7; Lee and B ra k e , 1971,
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1272; B ra in  and Poole, 1274). In  the w ild , few  a n im a ls  can reach 
adulthood in  the b e h a v io u ra lly  na ive  s ta te  c f m any o f the ajnirnals used 
in  la b o ra to ry  behaviour te s ts  (L e s lin e r 1975). These stud ies m ay, at 
leas t in  p a rt, exp la in  why c a s tra tio n  o f adu lts  is  le ss  e ffe c tive  in  
reduc ing  aggress ive  behav iour tM ui p re p u b e rta l c a s tra tio n ; 
c irc u la t in g  androgen le ve ls  m ay have been low ered  o r  rem oved as a 
re s u lt c f ca s tra tio n , but p robab ly  fig h tin g  experience  alone is  enough 
to  make an im a ls  agg ress ive  and a llow  fig h tin g , even in  the absence o f 
ho rm o na l in flu e n ce s . K ing  m id G urney (1357) showed th a t m a le  m ic e  
ra ise d  in  is o la tio n  fro m  tlie  age o f 21) days to  around l i d  days w ere  
less  aggress ive  tlia n  m a les ra is e d  w ith  e ith e r m a les  o r  fem a les  fro m  
20 to  45 days o ld , then iso la te d  u n t i l  around 110 days o ld .
The degree of fa m il ia r i ty  between opponents in  agg ress ive  
in te ra c tio n s  lias a lso  been shown to  a ffe c t the  outcom e, and, in  roden ts , 
the existence o f species, subspecies and group odours have been 
dem onstra ted (see S toddart, 1S74 fo r  a re v ie w ).
I' ia ck in tosh  and G ra n t (1SG6) showed tha t tlie  u r in e  o f a s trange 
m a le  mouse rubbed on the fu r  o f a p a ir  o f fa m il ia r  m ice  enhanced 
aggress ive  behav iou r, w hereas the u r in e  o f a fa m il ia r  m a le  m ouse 
reduced aggress ion  between s tra n g e rs . Ivankina (1974) and H ea ley 
(1957) a lso  showed tha t s tra n g e rs  w e re  m o re  aggress ive  than m ice  
fa m il ia r  w ith  each e th e r. I t  is  w e ll I jio w n  tha t tlie  le v e l o f f ig h tin g  in  
new ly  grouped an im a ls  decreases qu ite  q u ic k ly  w ith  t im e , and a 
re la t iv e ly  stab le  system  re s u lts  (C ro w e re ft and Ilov/e, 1933; Nowak, 
1971; Poole and M organ, 1873; T e rm a n , 1374). G ro w er eft and Howe 
(1933) observed a fa m ily  c f m ic e  fo r  a to ta l c f 209 ho u rs , and saw no 
aggress ive  b e lia v io u r between m e m be rs ; a l l  how ever d isp layed 
aggress ive  behaviour to  s tra n g e rs  c f e ith e r sex . Kcwe and R ed fem  
(19C9) re p o rt s im i la r  re s u lts .
M ost c f the stud ies p re v io u s ly  described  used iso la ted , and 
th e re fo re  strange a n im a ls  fo r  n e u tra l-a re n a  aggress ion  te s t in g .
Cyther stud ies have s p e c if ic a lly  used th is  piicnom encn to  e levate 
oggress ive  le ve ls  in  encounters by in tro d u c in g  a strange mouse in to  
the home cage o f another a n im a l (e .^ r.M ug fo rd  and N ow e ll, 1272).
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A fu r th e r  fa c to r  knovm to  a ffe c t agg ress ive  behaviour is  the 
inhe ren t d iffe re n ce  between in d iv id u a ls ; m any w o rk e rs  have noted 
the fa c t tha t in d iv id u a ls , w ithou t p r io r  f ig h tin g  experience , w ere  
v e ry  v a r ia b le  in  th e ir  agg ress ive  tendencies, even when o th e r v a r ia b le s  
w ere  he ld  constant (e .g .B ra in  and Evans, 1974 a;Bevan et a l,  1937 
and Lu ttge  and H a ll, 1973). La gerspe tz  (19S4) found tha t she could 
se lec t fo r  agg ress ive  and n cn -ag g re ss ive  genotypes c f m a le  m ice  
Vv-itiiin tw o genera tions . G e n e tica lly  co n tro lle d  ag gress ive  behav iou r 
is  the bas is  fo r  C h itty 's  hypothesis on the  re g u la tio n  c f num bers  and 
the c o n tro l o f cyc les in  M ic ro t in e  rodents (S um m arised in  C hapter 1 ).
The be hav io u r o f an in d iv id u a l is  no t the  on ly th in g  to  be in fluenced 
by  its  h o rm o n a l s ta te ; t lie  ways in  w h ich  d iffe re n t h o rm o n a l sta tes 
e l ic it  d iffe re n t responses fro m  opponents in  behav iou r te s ts  has 
p rov ided  a la rg e  f ie ld  o f inve s tig a tio n , p a r t ic u la r ly  in  t lie  ways in  w h ich  
th is  in fo rm a tio n  is  tra n s m itte d . In  m any stud ies i t  has been shown tha t 
o lfa c to ry  cues tra n s m itte d  by an in d iv id u a l have had a profound e ffec t 
on the degree o f aggress ion  shown to  tha t in d iv id u a l (see B ronson, 1971 
fo r  a re v ie w ). F o r  exam ple, Lee and B ra ke  (1971) have shown tha t 
fem a le  m ice  a re  le ss  prone to  a tta ck  b y  iso la ted  f ig h te r  m a les than a re  
o tlie r m a le s . M ug fo rd  and N ov/e ll (1970, 1971a), D ixon and M ack in tosh  
(1971) and Svare and Gandlem an (1975) have shown tha t a substance in  
fem a le  mouse u r in e  in h ib its  in te r -m a le  fig h tin g , and cas tra ted  m a le  
m ice  a re  less  susceptib le  to  a ttack  by  f ig h te r  m ice  tlian  a re  in ta c t 
m a les (Lee and B ra ke , 1971; M ug fo rd  and N ow e ll, 1970, 1971b). 
H ow ever, cas tra te d  r r ia le (A /jV a ic e  w ere  attacked by tra in e d (D B A /2 j)  
f ig h te rs  i f  the  cas tra te s  w ere  tre a te d  wdtli tes tos te rone  prop ionate 
(Lee and B ra ke , 1972); M ug fo rd  (1974) a lso  showed thn t cas tra te d  
m a le  m ice  in je c te d  w ith  tes tos te rone  propdcnate w ere  attacked m o re  
by tra in e d  fig h te rs  than w ere  o i l  In jec ted  c o n tro ls , bu t tha t th e re  was 
no d iffe ren ce  between in jec ted  cas tra te s  and in ta c t m a les in  tlie  am ount 
o f aggress ion  e lic ite d . B ra in  and Evans ( IS I la )  showed t lia t cas tra ted  
TO m a les g iven d a ily  i . m .  In je c tio n s  o f Im g  o f e ith e r androstenedione 
o r  d ihyd ro tes tos te ro ne  w e re  attacked s ig n if ic a n tly  m o re  than w e re  o i l
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in je c te d  c o n tro ls . In  a fta rthe r expe rim e n t. B ra in  and Evans (1971 ,b) 
painted u r in e  fro m  in ta c t o r  ca s tra te d  m a le  donors o f th re e  s tra in s  
(TO, A S riX P  and C F L P ) onto the  fu r  c f  cas tra te d  m a les , and 
d is t i l le d  w a te r in to  the  fu r  c f ca s tra te d  and in ta c t m a les ; they found 
t iia t tra in e d  TO  f ig h te rs  a ttacked in ta c ts  w ith  d is t i l le d  w a te r 
s ig n if ic a n tly  m o re  than ca s tra te s  w ith  d is t i l le d  w a te r, ca s tra te s  w it l i  
the  u r in e  o f in ta c ts  s ig n if ic a n tly  m o re  than ca s tra te s  w ith  d is t i l le d  
w a te r, and ca s tra te s  w ith  in ta c t u r in e  s ig n if ic a n tly  m o re  than ca s tra te s  
w ith  cas tra te  u r in e .  S ligh t s tra in  d iffe re n ce s  w ere  no ted . Jones and 
N o w e ll (1973a)have shown tha t t lie  u r in e  o f adu lt m a le  m ice , as v /e ll as 
con ta in ing an aggress ion  p rom o tin g  fa c to r , a lso  con ta ins an a v e rs iv e  
fa c to r  w h ich  causes o th e r adu lts  to  avo id  areas m a rked  w ith  i t  in  an 
open f ie ld  te s t .
These exp e rim en ts  have shown th a t, a p a rt f ro m  the c e n tra l 
m o ti\ 'a tio n a l e ffec t th a t androgens have on in d iv id u a l m a le s , 
p resum ab ly  ac tin g  upon n e u ra l tis s u e , androgens a lso  e x e rt e ffec ts  
t liro u g h  o lfa c to ry  cues, some of w h ich  a t lea s t a re  p resen t in  the 
u r in e .  Thus, adu lt m a le  u r in e  appears to  possess an aggress ion  
re le a s in g  c h a ra c te r, u n de r androgenic c o n tro l; c a s tra tio n  extingu ishes 
Its  e ffec t, and androgen rep lacem en t the rap y  re s to re s  i t .
I f  the aggress ion  re le a s in g  fa c to r  o f ad u lt m a le  u r in e  Is  under 
androgenic c o n tro l, tlie n  in ixna tu re  m a les should no t possess i t .  
M ack in tosh  (1970) noted th a t, in  h is  enc losure  e xp e rim en ts . Juven ile  
m ic e  w e re  im m une fro m  the aggress ion  of t e r r i t o r ia l  m a le s ; D ixon 
(1973), how ever, found tha t pa in ting  t lie  u r in e  c f ju v e n ile  m a les on the 
fu r  c f adu lt m a les d id  not in l i ib it  a ttacks  on them  b y  o the r adu lt m a le s ; 
s im ila r ly ,  ju v e n ile  m a le  u r in e  fa ile d  to  evoke agg ress ive  behav iour in  
p a irs  o f fa m il ia r  (and th e re fo re  ncn -agg ress ive ) adu lt m a le s . He 
th e re fo re  concluded tha t the re la t iv e  p ro te c tio n  o f ju ve n ile s  fro m  
a ttack  was due to  the absence o f the u r in a ry  re le a s e r o f aggress ion  
w hich has been dem onstra ted to  be presen t in  the u r in e  o f ad u lts , and 
w h ich  has a lre a d y  been shown to  be under androgen ic c o n tro l; as a 
c o ro lla ry  o f th is , he concluded t lia t the ju v c n ilc d  im m u n ity  fro m  a ttack  
was not due to  the  presence o f an a g g re s s io n - in h ib itin g  fa c to r  in  th e ir  
u r in e .
The stud ies described  above have dem onstra ted tha t the re  a re
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d iffe re n ce s  In  the  u r in e  o f a d u lt, c a s tra te  and im m a tu re  m a le  m ic e . 
Jones and N o w e ll (1973b) have dem onstra ted  t l ia t  the  u r in e  o f 
dom inant and subord ina te  m a le  T T  m ic e  is  a lso  q u a lita t iv e ly  d if fe re n t.  
In  an open f ie ld  te s t , g roup  housed m a le s  showed a m a rked  p re fe re nce  
fo r  the  h a lf  o f an arena tre a te d  w ith  w a te r o r  the  u r in e  o f a subord ina te  
m a le  ra th e r  tlia n  the  h a lf tre a te d  w ith  the  u r in e  o f dom inant m a le s  •
In  a second exp e rim e n t, the y  showed th a t the  u r in e  o f dom inent m a le s , 
pa inted onto the  fa r  o f c a s tra te s , e lic ite d  s ig n if ic a n tly  m o re  
aggress ion  tlian  the  u r in e  o f subord ina te  m a le s , o r  w a te r; the  
d iffe re n ce  in  the  re a c tio n  to  an im a ls  pa in ted w ith  w a te r o r  subord ina te  
m a le  u r in e  was in s ig n if ic a n t. They d iscussed the  re la tio n s h ip s  
between defeat, the  p itu itry -a d re n o c o i* t ic a l a x is  (B ronson  and 
B le fth e rio u , 19G5a, b) and the  v e n tra l p ro s ta te  g land w h ich  Is  
se n s itive  to  endogenous androgens (B ra in  and N ow e ll, 1970),
A l l  the  above e xp e rim e n ta l obse rva tions  have been made on 
m u r id  roden ts , p re dom inan tly  la b o ra to ry  m ic e ; as fa r  as I  Imow, 
the  o n ly  e xp e rim e n ta l an a lys is  o f the  re la tio n s h ip  between androgen ic 
horm ones and the  aggress ive  behav iour c f  m a le  roden ts  o f the  sub­
fa m ily  M ic re tin a e  has been th a t o f P e r r in  (1970). A p a r t f ro m  
no ting  the  d iffe re n ce s  in  the  behav iou r o f adu lts  and ju v e n ile s , and 
m a le s  and fem a les  o f bo th  Microhms a q r est is  and C le th r Î on om ys
g la re c lu s , he showed tha t ca s tra te d  M ic ro tu s  a g re s tis  m a les  
exp lo red  a com plex T -m a z e  s ig n if ic a n tly  m o re  than d id  a d u lts . 
Juve n ile  C le th rlon o m ys  g la re o lu s  exh ib ited  m o re  exp lo ra tion  o f 
tra p s  than d id  a d u lts . In  te s tin g  fo r  agg reso icn , ju v e n ile  M icro tus 
a g re s tis  m a les  w ere  le ss  ag gress ive  than ad u lts , but approached 
adu lts  m o re  than the y  approached o th e r ca s tra te s *  The c a s tra te s  
showed m o re  e x p lo ra to ry  b e lia v io u r tlian  a d u lts . T es tos te rone  
phenylp rop ionate  in je c tio n s  re s to re d  a g g re ss ive  b e h a v io u r.
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The presen t b e lia v io u ra l study waa re s tr ic te d  co m p le te ly  to  
exam in ing  m a le  bank vo le  agg ress ive  b e lia v io u r, and the  e co log ica l 
study to  be described  in  C hapter 4 is  devoted to  d e te rm in in g  the  ro le  
o f tha t be lia v iou r in  popula tion dyn a m ics . H ow ever, fe m a le  roden ts  
can a lso  e xh ib it agg ress ive  behav iou r, whose ro le  in  the  popula tion 
dynam ics o f W le s  and m ice  is  not known; ne ve rth e less , the  enorm ous 
e ffo r t tha t has been devoted to  the  study o f m a le  m ouse and vo le  
agg ress ive  behav iour lias  no t been counterba lanced by an equal vo lum e 
devoted to  the  same study o f fem a le s ; th is  has p r im a r i ly  been because 
i t  is  d if f ic u lt  to  m ake a llow ances fo r  the  oe s trus  cyc le  of fem a les , 
w ith  its  associa ted h o rm o n a l flu c tu a tio n s , and th is  re n d e rs  in te rp re ta t io n  
o f behav iou ra l observa tions d i f f ic u l t . I t  is  a lso  w e ll know th a t fem a le  
roden ts a re  m uch less  aggre ss ive  tlia n  m a le s  (see Beach, 1948) (w ith  
exceptions, l ik e  the  golden h a m s te r, see, fo r  ins tance , Payne and 
Swanson, 1372); they  have th e re fo re  been cons idered  le ss  im p o rta n t 
in  the  c o n tro l o f s o c ia lly  m ediated popula tion processes and 
consequently have re ce ive d  less a tte n tio n . R e g re tta b ly , the  tre n d  
continues w ith  the  p resen t s tudy.
I t  was the  purpose o f the  p resent s tud y ;-
(a) T o  dem onstra te  tha t ca s tra te d  m a le  bank vo les w e re  less  
agg ress ive  than In tac t m a le s .
(b) T o  dem onstra te  the d iffe ren ces  between the  ways in  w h ich  
In ta c t, ca s tra te d  and im m a tu re  banli vo les reac ted  to  one a n o th e r.
(c) T o  c o n firm  th a t the  an im a ls  used in  the  eco log ica l s tud ies in  t l ie  
enc losures ( fu l ly  described  in  C hapter 4) d id  not d if fe r  s ig n if ic a n tly  
in  th e ir  behav iour f ro m  the  a n im a ls  used in  (a) above.
T h is  in tro d u c tio n  has rev iew ed m?iny in tr in s ic  fa c to rs  tha t have 
been shown to  a ffe c t the  outcom e o f agg ress ive  in te ra c tio n s  between 
m a le  roden ts ; these have inc luded the e ffec ts  o f age and c a s tra tio n , 
the  tw o v a r ia b le s  concentra ted upon in  the  p resen t s tudy . The 
e ffec ts  o f th e  re m a in in g  in tr in s ic  fa c to rs , and a l l  e x tr in s ic  fa c to rs  
known to  a ffe c t roden t aggress ive  behaviour, have been e lim in a te d  
as fa r  as p^ossible. The ways in  w h ich  th is  has been attem pted is  
described  in  the  m ethods section  (2 .2 ) be low .
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2 .2 .1  A n im a ls  used and p roced ure  adopted fo r  encounters 
2 ,2 .1(a) A n im a ls  used
T h is  la b o ra to ry  study o f behav iou r v/as made on tw o groups of a n im a ls : 
( i)  The m a in  be hav io u ra l study was c a r r ie d  out on a n im a ls  caught in  
Lo ng w o rtli tra p s  fro m  s e v e ra l tra p p in g  s ites  w ith in  C row n Lands n e a r 
V /indso r, and in  the grounds o f R oya l H o llow ay C o lleg e .
( i i )  A  supp lem enta ry study was c a r r ie d  out on a n im a ls  rem oved fro m  
the enclosures a t the  end o f experim en t E N C L  4 (see C hapter 4 fo r  
f u l l  d e ta ils ) .
2 ,2 .1(b) P rocedure  adopted fo r  te s ts  o f behav iour
E ncounters between u n fa m ilia r  p a irs  o f m a le  vo les  w e re  c a r r ie d  out
in  a n e u tra l a re n a .
B e fo re  an encounter, the tw o an im a ls  to  be tes ted  w e re  rem oved 
fro m  th e ir  cages and each placed unde r a w h ite  opaque c lose d -to p  
c y lin d e r (d ia m . = 12cm , he igh t = 12cm) in  a perspex tank  (H 20cm x  
\7 2Com X L  45cm ), in  w h ich  a t l i in  la y e r  o f fre s h  sawdust had been 
sca tte re d . T h is  tank was placed ins ide  a sound-proofed box (H 60cm x 
W 45cm  X L  45cm ), w ith  a g lass observa tion  panel in  tlie  fro n t,  and a 
g lass l id .  The tank  was illu m in a te d  fro m  above by 2 x  15W w h ite  lig h t 
flo u re sce n t tubes . A  s tr in g  and p u lle y  system  enabled the tw o 
c y lin d e rs  cove rin g  the an im a ls  to  be ra ise d  fro m  outside the sound­
proofed box a fte r  i t  had been c losed up (see P la tes  2 .2 .1  .( i) ,  (ii)X iii)).
The an im a ls  w ere  le f t  under the c y lin d e rs  fo r  600s be fo re  the 
encounter, w h ich  las te d  1 ,0 00 s . D ire c t observa tion  of the encounter 
was made th rough a sheet o f one-way m i r r o r  and i t  w^as s im u ltane ous ly  
re co rded  us ing  an ITC  V F  302 v ideo cam era  lin ke d  to  a Sony CV2 100 
A C E  v ideo ta p e -re c o rd e r . A  m icrophone  ins ide  the sound-proofed 
box, connected to  an a m p lif ie r  and headphones, enabled any 
voca lisa tio n s  to  be detected.
The fo llo w in g  c lasses o f a n im a l v/ere used :- 
(u) A d u lt In ta c t M a le s : B ody w e igh t and s ize  a re  no t a t a l l  good 
m easures of sexual m a tu r ity  in  roden ts , s ince sexual m a tu ra tio n  has
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re pea ted ly  been shown to  be indépendant c f body w e igh t, bu t h ig h ly  
dependant on ex te rn a l fa c to rs  ( fo r  instance , so c ia l en v ircnm cn t, see 
C hapter 1 fo r  a re v ie w ). Rowlands (193G) showed th a t,in  bank vo le s , 
lOOrag was the c r i t ic a l  v/e ight (c f one te s t is )  above w h ich  sperm atozoa 
w e re  v e ry  ra re ly  absent; s ince sperm atogenesis in  the se m in ife ro u s  
tubu les and the ac tive  sec re tion  of tes tos te rone  b y  the  Leyd ig  c e lls  in  
the  testes of rodents a re  c lo se ly  associa ted ( i .e .M cK inney and 
D e s ja rd in s , 1973), i t  is  reasenable to  assum e tha t the presence of 
sperm atozoa is  in d ica tive  o f ac tive  androgen s e c re tic n . Thus an 
adu lt m a le  was defined in  the p resen t study as one w hich  had tes tes  
each g re a te r than 100mg in  w e ig h t, Since te s t is  w e igh t obv ious ly  
cannot be de term ined in  the f ie ld , the re la tio n s h ip  betv/een te s t is  
w eight and some e x te rn a lly  m easurab le  c h a ra c te r is t ic  had to  be found .
D ig . 2.2(1) shows t lie  re la tio n s h ip  betv/een w eight and leng th  o f 
tes tes  rem oved fro m  73 bank v o le s . The tes tes  w ere  fix e d  in  B ou ins  
fix a tiv e , then s to red  in  70 i  a lc o h o l. A f te r  re m o va l c f a l l  fa t and 
connective tissu e , excess f lu id  was d r ie d  o ff on f i l t e r  paper and the 
length c f each te s t is  m easured w it l i  d ia l c a lip e rs  to  the  ne a re s t 1 / 20tii m m ; 
each was then weighed on a to rs io n  ba lance to  the ne a re s t m i l l ig r a m .
It  can be seen tha t the w e igh t pe r te s t is  o f 12 Cm g co rresponds 
to  a le n g tli o f a p p ro x im a te ly  0 .0 c m . In  o the r w o rd s , a n im a ls  w ith  
tes tes  g re a te r than 0 .8 cm  in  leng tîi a re  a lm os t c e r ta in ly  fecund ,w ith  
a c tive  androgen se c re tio n . Because of t lie  u n re l ia b i l ity  o f es tim a tin g  
te s t is  length by  pa lpation  th rough  s î in  and fu r ,  a 23 , m a rg in  fo r  e r r o r  
was in trod u ce d . Thus, adu lt a n im a ls  w ere  defined as those w ith  the 
tes tes e ith e r in  the s c ro ta l sac o r  able to  be pushed t lie re  w ith  gentle 
p re ssu re  cn the lo w e r v e n tra l abdomen, and whose tes tes  w ere  
estim ated  by p a llia tion  to  be around o r  above Ic ra  in  Icnrpth. A d u lt 
m a les  when f i r s t  brought in  fro m  tlie  f ie ld  w ere  com m on ly  found to  
be sca rre d  cn the ta i l ,  face and lo w e r d o rs a l abdomen, and so c le a r ly  
had had p rev ious  fig h tin g  experience in  the  w ild .
(b) Im m a tu re  In tac t M a le s : A n im a ls  g e n e ra lly  c f l ig h t w eight (up to  
around la g ) whose tes tes w ere  abdom ina l and whose testes w ere  
estim ated  by pa lpation to  be le ss  than O.Ccm in  le n g tli. It  was hoped 
tha t these tv  o c r i te r ia  e lim in a te d  fro m  tlie  im m a tu re  c la ss  a l l  tliose  
whose tes tes w e re  a c tiv e ly  sec re tin g  androgens (see (a) above). A ny
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a n im a ls  t l ia t  had sca rs  in  th is  c lass  w ere  no t used, w ith  t lie  in te n tio n  
c f a lso  e lim in a tin g  a l l  an im a ls  who had had any fig h tin g  experience  in  
the w ild .
(c) C astra ted  M a les; Im m a tu re  m a les w ith  both tes tes re m o ve d , 
b i la te r a l  c a s tra tio n  was c a r r ie d  cut unde r V e ta la r anaestlie tic  
(P a rh c -D a v is  b rand c f K eh im ine  h yd ro ch lo rid e ) a d m in is te re d  i . p .  a t 
a dose ra te  of ISO m g/kg body w e ig h t. U nder anaesthesia the lo w e r 
v e n tra l abdomen was shaved and washed in  7Gg. a lc o h o l. A  ^cm 
lu ld iin o  in c is io n  was made a n te r io r  to  t lie  u r in a ry  [la p illa  and each 
te s tis  e x tra c te d . A ch ro m ic  catgut l ig a tu re  was then t ie d  a round the 
spe rm a tic  c c rd , a r te ry  and ve in ; these w ere  then cu t and tlie  te s t is  
in  its  capsule  re m oved . The in c is io n  was c losed us ing  tw o su tu res  
c f 2 /0  m ono filam en t n y lo n . A d u lt m a le s  a l l  underw ent a sham op era tion , 
to  e lim in a te  the p o s s ib ility  tha t the  ope ra tive  technique was a ffe c tin g  
behav iour d ire c t ly .  T h is  sham opera tion  consis ted  o f the sam e events 
as fu l l  c a s tra tio n , except th a t the tes tes  w e re  no t ex trac te d  fro m  the 
In c is io n  in  the  p e rito n e u m .
The fo llo w in g  m easures w ere  taken w ith  the a im  c f s tan da rd is ing  
the encoun ters .
a) A U  encounters v /e re  done between k la y  and N ovem ber, tha t is  
w ith in  the n o rm a l b reed ing  season c f C le th ricn o m ys  gla re c lu s  . The 
on ly exception to  th is  was the se rie s  c f tes ts  c a r r ie d  out on the 
a n im a ls  rem oved, in  N ovem ber 1976, fro m  the enc losures a t tlie  end 
c f E xp e rim en t E ne l 4, w h ich  w ere  c a r r ie d  cut between D ecem ber 197G 
a n l F e b ru a ry  1977 (see C hapter 4 fo r  fu l l  d e ta ils ) .
b) A l l  encounters w ere  done betv/een 08.20 and 11 . 00  to  m L iin iis e  the  
effea:t c f c irc a d ia n  rh jt l im s  on the an im a ls  behav iour; t l i is  e ffe c t has 
been dem onstra ted fo r  C le th ricn om ys  g la rco lu s  by b a in t-C iro n s  (1960).
c) A n im a ls  w ere  iso la ted  in  opaque w h ite  po lypropy lene cages
( II  12cm X W 12cm x L  45cm ) fo r  a m in im u m  o f tw o and a m ax im um  
o f f iv e  weeks p r io r  to  te s tin g , w it l i  access to  food (D ixons d ie t 86) 
and w a te r ad l i b .
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d) The a n im a i house w here  the a n im a ls  w e re  kept was kept between 
18^ and 22^C (G reenburg, Cl972)has dem onstra ted the  e ffec ts  o f 
te m p e ra tu re  cn the  behav iou r o f m ic e ) and under cond iticns  of 
n a tu ra l day leng th .
e) The evening be fo re  an encounter, t lie  an im a ls  to  be used v/ere 
m oved in  th e ir  cages fro m  the a n im a l house to  the room  in  v h ic h  the 
te a ts  w ere  to  be c a r r ie d  cut, w h ich  was m a in ta ined  cn the same 
lig h t in g  and te m p e ra tu re  re g im e . A fan runn ing  con tinuous ly  in  th is  
ro om  e ffe c tiv e ly  b lanketed ex trrne ous  n o ise s .
f)  No rn in ia l was used m o re  than tw ic e ; when an a n im a l was used fo r  
a second t im e , i t  was a lw ays w ith  a d iffe re n t opponent to  th a t m e t in  
the f i r s t  encounter, and a lw ays a f te r  a m in im u m  o f th re e  weeks 
is o la tio n  fo llo w in g  t lie  f i r s t  encoun te r.
g) Opponents in  encounters w e re  a lloca ted  us ing  random  num bers , 
w it i i  t lie  added c r i te r io n  th a t when tw o a n im a ls  o f tlie  same c lass  m e t 
( i . e .  a d u lt ve rsu s  a d u lt, ca s tra te  ve rsus  ca s tra te  o r  im m a tu re  ve rsu s  
im m a tu re ) th e ir  w e igh ts d id  ne t d if fe r  by  m o re  tlian  3g ra m s , When an 
a n im a l m e t m o th e r  c f  a d iffe re n t c lass  ( i . e .  adu lt ve rsus  ca s tra te , 
adu lt ve rsu s  im in ia tu re , casti*ate ve rsus  im m a tu re ) th is  c r i te r io n  
cou ld  ob v ious ly  no t be ad iie red  to .
h) The encounters w e re  a l l  c a r r ie d  out in  t l is  s tandard perspex a rena , 
w ith in  the sound-proofed b o x . fan runn ing  con tinuously  in  the room  
used fo r  enccunters e lim in a te d  extraneous a u d ito ry  d is tra c t io n s . The 
o b se rve r was in v is ib le  to  the vo les behind tlie  one-way m ir r o r ,  w h ich  
was set a t cin angle so tha t they cou ld  net see th e ir  own re f le c t ic n s .
i)  B o th  p^erspex tank and c y lin d e rs  v/ere tho rough ly  w is h e d  in  ho t 
w a te r and detergent, hot r in se d  and d r ie d  between each encoun ter.
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2 .2 .2 .  B e h a v io u ra l Com pen ont s O bserved
A s  a lre a d y  m entioned in  the in tro d u c tio n  above, tlie  b e hav io u ra l 
components observed and scored la rg e ly  fo llow ed  tlie  scheme o f 
G ran t and iVIackintosh (19GS) in  t h e i r  d e sc rip tio n  of the be hav io u r o f 
i'Tug m u s c u lu s . H ow ever, d e sc rip tio n s  o f p a r t ic u la r  postu res o r  a c ts , 
and th e ir  nam es, w ere  a lso  draw n fro m  C la rk e 's  (IDG5) study of 
h t ic r o t i i& a g re s tis , K re b s ' ( ID 72) study o f Id ic r c t is  ocliroga s te r and 
r . iic rc tu s  pennaylvan icus. T u rn e r  and Ive rso n 's  (1373) study of 
1 i ic rc tu s  pennsyIvanicus, C o lv in 's  (1973) study of M ic ro tu s  m ontanus, 
Id ic ro tu  3 longicavidus, M ic ro tu s  c a lifo rn ie n s , IvUcrctus o c liro q a s te r
and Iv lic ro tu s pennsy lvan lcus and A sh w o rth 's  (1373) study of 
C1 eth r  i cn on ly  s g la re o lu s . Throughout the re s t c f t l i is  th e s is , the 
fo llo w in g  convention re g a rd in g  t lie  nam es c f b e lia v io u ra l com ponents 
w i l l  be obse rve d :- Components observed and scored  by m y s e lf, the 
de sc rip tio n s  c f w h ich  fo llo w , w i l l  be w r it te n  in  ca p ita ls , e .g . 
LG C C I/lO T IO rl. s p e c if ic a lly  defined components o f c t i ic r  a u tlio rs  w i l l  
bo w r it te n  as p ro p e r nouns, e .g .  N ose. C e rta in  o f tlie  nam es of 
behav iou i'a l com ponents have been used by b c tli m y s e lf and o the r 
a u tlio rs , and m ay appear in  e ith e r fo rm , fo r  instance A IT  ilO A C Il o r  
A pp ro ach . VTicn t i l ls  occu rs  the d e sc rip tio n  o f each be hav io u ra l 
com ponent g iven below^ w i l l  c la r i fy  w hether ray d e fin itio n  d if fe rs  in  
any way fro m  t lia t  o f the p rev ious  a u th o r.
The fo llo w in g  behaviours w ere  observed .
1 . l,C C (;k iO T IG if . A ny  m ovem ent c f tlie  a n im a l’ s whole body; 
m ovem ent o f the head and fro n t p a rt o f the body alone was no t sco re d .
2 . GR O O M -S E LF . A ny  c lean ing  ac tion  o f the body su rfa ce . The 
degree to  w h ich  th is  behav iour was d isp lacem ent behav iour, as opposed 
to  s im p le  ca re  o f the  body su rface , was ne t possib le  to  d e te rm ine , 
s ince the tw o a re  not e a s ily , i f  a t a l l ,  v is u a lly  d is tin g u ish a b le ,
T u rn e r  and Ive rson  (1973) noted tha t s e lf-g ro o m in g  often occu rre d  
when th e re  appeared to  be a 'c o n f lic t  s itua tio n ' and t lia t d isp lacem ent 
g room ing  was g e n e ra lly  o f lo n g e r du ra tio n  than o rd in a ry  w ash ing;
they scored  a l l  G rs  to g e th e r. C la rke  (193C) described  T o ile t  in  both
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agg ress ive  and non -aggress ive  s itua tions , and G ra n t and M ack in tosh  
(1.963) a lso  d is tingu ished  d isp lacem ent and n o rm a l g room ing  a c t iv ity ,  
both suggesting how ever, t lia t the  d isp lacem ent a c t iv ity  was 
con s id e rab ly  abbrev ia ted  w it l i  re sp ec t to  the n o rm a l. Because o f 
th is  c o n flic t,  a l l  se lf-g ro o m in g  waa scored as G R O O M -SELF in  th is  
s tudy .
3 . T L L T iT  C H A T T E R , Low in te n s ity  no ise  (described  by C l i r h c ,  1956 
as 'r a t i ie r  l ik e  a m u ffle d  pneum atic d r i l l '  in  M ic ro tu s  a g rcsU s); tlie  
same d e sc rip tio n  is  apt fo r  C le tlir io n o m y s  g la re o lu a , tiie  no ise  was 
p roba b ly  caused by gnashing t lie  te e th . I t  was associa ted w it l i  
v ib ra t io n  c f t l ie  w h is k e rs , w h ich made i t  poss ib le  fo r  tlie  a n im a l doing 
i t  to  be id e n tif ie d  e a s ily , T e e tii gnashing was inc luded, w it l i squealing, 
in  V o ca lisa tio n  by T u rn e r  and Ive rson  (1973). L i the p resen t study. I t  
appeared to  co n s titu te  a th re a t/d e te r re n t behav iou r; i j i  some cases i t  
appeared to  se rve  to  keep the a n im a ls  separa te , and hence no t f ig h tin g , 
w hereas in  o thers  i t  was the  p re lude  to  m o re  ag gress ive  b e lia v io u r.
In n.any encounters, both o v e r t ly  agg ress ive  and no t, i t  was ne t h e a rd ,
4 . AT.T-LlOACI j. » h’lovem ent b y  an in d iv id u a l to  w ith in  a p p ro x im a te ly  
15cm o f an opponent. G ra n t and M ack in tosh  (1953) describe d  A pproach  
as any m ovem ent tow a rds  an opponent, w it l i out se ttin g  any a r b i t r a r y  
d istance l im i t .  K re b s  (1973) scored A pproach  w it l i  5-Com of a 
s ta tio n a ry  a n im a l, w ith  a second approach no t be ing poss ib le  u n t i l
the  a n im a ls  had separated b y  a t lea s t l5 -2 0 c rn ; no such c o n d itic ^  was 
im posed in  tlie  p resen t s tudy . T u rn e r  and Ive rson  (1373) scored  T im e  
T o ge the r when the tw o a n im a ls  w ere  w ith in  5cm  o f each o th e r.
5 . 5 T R I.T C II-A T T L N D . T h is  is  a postu re  in  w h ich  the whole body, 
head and neck w e re  extended tow ards the opponent, w ith  ea rs and 
w h is k e rs  fo rw a rd  and ta i l  s tre tche d  out s tra ig h t behind; I t  was the 
exact equ iva lent o f G ran t and M ack in tosh 's  (1933) s tre tche d  A tte n tio n  
L o s tu rc , bu t was no t described  by C la rke  (1956).
G. , The noses of t iie  tw o opponents w ere  w ith in  abcait Acm of
each o tlie r  w ith  tlie  w h iske rs  touch ing . T h is  behaviour was a ls o  
described  as Nose by  G ra n t and k lac idn tosh  (19GS) end by T u rn e r  and 
Ive rson  (1973) as m u tu a l N aso -N asa l.
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7 * k N IF F , The nose c f t lie  a n im a l p e rfo rm in g  th is  behav iou r was 
In  con tact w ith  the fu r  on any p a rt o f the body o f h is  opponent except 
the  nose . T h is  is  a com bina tion  o f G ran t and h la cL in to sh 's  (19S3) 
o n if f  and in ve s tig a te .
8 . K E T h -E A T . T h is  was any m ovem ent fro m  a pos ition  w ith in  15cm  
o f an opponent to  a pos ition  outside 15cm, the exact opposite of 
A lT d v C A C lI.  N ot inc luded in  the ca tego ry  was h 'L L N  (see be low ).
G ra n t and Iv lacidntosli (1535) described  R e tre a t as any d ire c te d  
m ovem ent away fro m  tiie  opponent, as a com plem ent to  t i ie i r  A pp roach .
9 . HUD D L L  . The tw o an im a ls  w ere  s ta tio n a ry  to g e tlie r w ith  bodies 
tou ch ing . The on ly  o tlie r  behav iour t l ia t  cou ld o ccu r s im ultcm eously 
was GR.OGM-GNLF; the s ta r t  c f  any o tlie r  behav iou r caused ilU D D L B  
to  s top .
10 . I  UN  O U - JA T T  A C K . A n a n im a l w hich had ju s t made an approach 
lunged a t h is  opponent w ith  both fo re - fe e t ra ise d , as i f  t ry in g  to  push 
h im  aw a y . T h is  ac t cou ld be accom panied by m ovem ent c f the whole 
body. I t  was equ iva lent to  the o ffens ive  u p r ig h t c f G ra n t and M acldn tosh  
(1553), and the A tta c k  c f C la rke  (1950) and was Included as pouncing 
w ith in  the A tta c k  o f K re b s  (1970). A shw orth  (1973) inc luded Lunge, 
w re s t lin g  and chasing w it l i in  h e r  A tta c k .
11. L U N G IA IA O T A L IA T E . E x a c tly  equiva lent to  LU N G N -A T T A C K , 
except t l ia t  i t  was p e rfo rm e d  by an a n im a l iv liic h  had been appraached 
by h is  opponent. G ra n t and lAacldntosh (ISGS) and A shw o rth  (1973) 
ca lle d  t i l ls  D efensive U p rig h t, a ltliough  A ishw crtli inc luded i t ,  w it l i  
b idew ays Defence, in  h e r A m b iva le n t P o s tu re . C la rke  (195G) 
described  tiie  Lunging and bquatth ig  t}q:e o f re ta lia t io n  as p re lim in a r ie s  
to  tlie  ra re  com p le te  C o u n te r-a tta ck  by a subord inate ; in  t l i is  study, '* 
tlie se  tw o ac ts  w e re  com bined. K rebs  (1870) described  R e ta lia tio n  
as ’the s ta tio n a ry  vo le  responding to  tlie  approaching m a le  by pouncing 
a t h im  and som etim es re ta lia t in g ’ .
12 . :5 - IJ K A L . A n  audib le  h ig h -p tch e d  sound c f sh o rt du ra tio n , w h ich  
was com m  on ly  associa ted w ith  L U N G D -K E T A L U \T E . I t  was a lso  
som etim es made fJurlng h lU T U A L  U FR IG H T (see 13 below) as w e ll as 
by h lg li ly  subord ina te  an im a ls  a f te r  aggress ive  in te ra c tio n s , when the
49.
dom inant a n im a l, a f te r  re tre a t,  made any sudden m c v c m e n t. K re b s  
(1Ô70) describe d  h is  T h re a t as 'u p r ig h t stance o r  n o rm a l stance 
accom panied by b a rin g  c f the tee th  and squealing v o ca lisa tio n s ’ , He 
noted t lia t th is  b e h a v ia ir  graded in to  h is  H ctc-lia ticn  and v a s 
cliotmqrdshed by  la c k  c f ph ys ica l c o n ta c t. T u m o r  and Iv o r sen (1073) 
d id  no t score  Squeal and Teeth  ch a tte r sep a ra te ly .
IS . IdU T ILh l^ IJ FA IC I IT  . T h is  o ccu rre d  when b c tii a n im a ls  w ere  
facing* each o tlie r , re s tin g  on t l i c i r  h ind  legs and ta i ls ,  and pu o iling 
a t each o th e r w it l i  t l ie i r  fo re - fe e t .  T h is  corresponded to  G ra n t and 
r.ia c id n to sh 's  (1932) U p rig h t, A ism vo rtli's  (1973), C o lv in 's  (1973) and 
C la rk e 's  (1933) B ox, and was a com ponent c f K re b 's  (1970) A t ta c k .
14 . ah . EST L E . The tw o an im a ls  w ere  locked toge the r, tu m b lin g  
o ve r each o th e r. G ra n t and l.lac ldn tosh  (19G3) d id  no t de scribe  
W re s tle  as such, bu t d iv ided  the h ighest le v e ls  of agg ress ive  behav iour 
in to  Avttack, C ite  and the O ffens ive  and D efensive U pinght and 
Sideways p o s tu re s . In  the p resen t study W KC dTLC  was scored 
sep a ra te ly  because c f t lie  ex tre m e  fe ro c ity  and speed w ith  w liic h  i t  
o c c u rre d . I t  was described  as re s t lln g  by C l i r k e  (1933), C o lv in  
(1273) and A sh w o rth  (1973), and was inc luded  as re s t lin g  w ith in  
K re b s ' (1973) A tta c k , a long w it l i  IM unch ig , B ox ing  and C hasing.
15 . GROOM O T IIL U  « T h is  was when one e n ln ia l c a r r ie d  out a c tive  
g room in g  m ovem ents in  the fu r  c f the opponent. G ra n t and r.Iackin tosh 
(IDG3) ca lle d  th is  A gg re ss ive  G room  and i t  was g e n e ra lly  associa ted 
w it -1 a dom inant a n im a l g room in g  a subord ina te ; in  the p resen t study i t  
no t in fre q u e n tly  le d  to  L t lN G L - I lL T A L Ik T I l  b y  tlie  groom ee and 
scm ctim es  to  K 1H33TLL; on seme occasions how ever, (p a r t ic u la r ly  
between tw o im m a tu re  c r  tw o ca s tra te d  an im a ls ) th is  behav iour d id  
no t appear to  be p a rt c f a lead-up  to  m o re  aggress ive  b e h av io u r.
K re b s  (1970) described  k lu tu a l G room ing  in  connection w it l i  h is  F c llo v /, 
bu t d id  ne t sco re  i t .
13. C U O U C II. A  com m on response to  GROOIJ OTILLH, but no t 
n e c e s s a r ily  a lw ays o c c u rr in g  w it l i i t ;  t lie  a n im a l c rouch ing  pressed 
both head and body aga inst the f lo o r ,  and rem ained m o tio n le s s . V. hen 
associa ted  w ith  GROOM O THFR, the g ro o m e r u s u a lly  g ro o  m ed tlie  
d o rs a l su rface  o f the  neck, t iie  back o f the head, o r t lie  back o f t lie
ùo.
g roornee . C la rk e  (195o) described  th is  postu re  as F ree ze , and i t  Is  
shov.-n by G ra n t and M ack in tosh  in  th e ir  f i g . 4 . T h e ir  Lleva.ted C rouch 
T/as not observed in  t l i is  s tudy.
17. CF \SU . A  v igo rou s  p u rs u it o f one im ln ia l by the o the r, both 
runn ing , and re p re se n tin g , in  t iie  arena a t le a s t, v e ry  h igh  le ve ls  
o f ag g re ss ive  a c t iv ity .  T h is  was described  as C liase by G ra n t and 
la a c ld n to s li (1DG3) and C la rke  (iQ de), and inc luded w it l iL i A tta c k  by 
K re b s  (1970). T u rn e r  and Ive rson  (197C) d is tingu ished  Chase fro m  
F o llo w  (not scored  in  the p resen t study) bu t d iscontinued sco rin g  
Chase because i t  was so in fre q u e n tly  seen. I t  was s In d ia r ly  v e ry  
r a re ly  seen in  t lie  p resen t s tudy ,
1V. F L .K K . The com plem ent to  C IlA b n , w ithou t w h ich  i t  cou ld  no t 
o c c u r. G ra n t and M acîdntosh described  F le e  as a h igh  in te n s ity  fo rm  
o f lU t re a t ,  associa ted  w it l i  ‘u n d ire c ted  bouncing m ovem ents*. K re b s  
(1977) scored  R e tre a t and F le e  tog e th e r as A vo idance .
ID . D C d tlN A T F . The tw o  an im a ls  w e re  m o tio n le ss , the  d o n iin m t 
above h is  opponent, com m on ly  w ith  h is  fo rc - fe c t  re s tin g  cn the supine 
body of Î1Î3 opponent. T h is  equalled the A g g re ss ive  pos tu re  o f G ra n t 
and I.Ia c lm ito s li (1933) and was inc luded w ith in  K re b s ’ (1973) A tta c k ,
90. o U B i- lIT . The com plem ent to  D C M IIdATK; the subm iss ive  
a n im a l u s u a lly  la y  supine o r  propped up in  a c o rn e r c f the a rena , w ith  
h is  fK n k  o r  b e lly  exposed. T h is  pos tu re  was equ iva lent to  K rebs* 
(1970) Subm ission, and Gm uit and I  la ck in to s h 's  (1932) S ubm issive 
lo s tu re ,  C la rk e ’ s (192G) ’ kup inc ’ (h is  fig .G ) rep resen ted  an e x trem e  
fo rm  o f k U IK . ir r .
91, M  V. C D . Of the 20 b c îu tv iü u ra l ccm p a ien ts  described  above, fo u r  
rep resen ted  the h ighest le v e ls  c f aggress ive  b e lia v io u r observed . 
These w e re  M U T U A L  U FR IG H T , K R F b T L K , C IlA hA  and K ü Iv IIN A T F . 
T hey w e re  th e re fo re  com bined in to  a com posite  ’aggress ive  behaviour* 
com ponent, KIVv CD, and analysed in  the same way as a l l  t l ie  o th e r 
in d iv id u a l com ponents.
M o s t o f the behav iours  w e re  obv ious ly  m u tu a lly  e xc lu s ive * A p a r t
5'l.
f ro m  those behav iours  tlia t com m on ly  o ccu rre d  toge the r &nd
LUîvGh—h E T A L Ib T B )  e thers  d id so by  d e fin itio n ; thus IX M G I7 - 
A T T A C K , I.U TTG D -R B TA LlhTE , A P P R C A C n, R C TR IhbT , CILbSD 
and F L A B  w ere  a l l  inc luded in , end w ere  scored s im u ltane ous ly  
w itii,L O C O M C T IO N . F irn iln r ly D O M D h h T D a n d S U B lIIT , and 
C iLlvkh and FLA U ^w ero  a lw ays scored  tc g e tlic r ,  one fo r  each a n im a l. 
N C kh  and SN IFF com m on ly  but not a lw ays o ccu rre d  in  ass chelation 
v / it i i  S T R L T C II-A T T F N D ; CRCUCII was com m on ly  assoc ia ted  w it l i  
GAOOal C T I Ih l l  bu t the tw o  w e re  no t m u tu a lly  dcpcndsoit.
D u rin g  the encounter, the fo llo w in g  seven behaviours c f both 
a n im a ls  w e re  re co rd ed  d ire c t ly : -  L U N G D -A T T A C I:, L D N C F - 
I t i .T A L . I \T E ,  T F A T H  C riA TTD X l, Sk.UEAL, M U T U A L  U1 N IG H T,
U I lU b T L F , a n d llU D D L L .
The v ideo  re co rd in g  o f the encounter, p layed bade tw ic e , enabled 
the o th e r 13 beh.avioura l com ponents to  be scored fo r  each a n im a l:-  
LO CO M O TIO N, C R O O M -oU LF , A F P R O A C II, S T R L T C Il-A T T E N D ,
N C kF , G NÎFF, R D T R F A T , CROUCH, C IM S F , D C M IN A TU , F L L F ,  
bU FI\H T, G R O O Id C T IlL R .
trs rj.2 .3 .  B e h a v io u ra l v a r ia b le s  m e a su re d .
The fo llo w in g  v a r ia b le s  fo r  each be hav iou ra l component 
observed w e re  de te rx iiine d :-
I.a te n cy : The t im e  in te rv a l in  seconds fro m  the s ta r t o f the  encounter 
to  the  f i r s t  o ccu rre nce  o f a be h av io u r.
O ccu rre n ce ; The num ber o f t im e s  a behav iour o ccu rre d  d u ring  the 
encoun te r.
D u ra tio n : The to ta l accum ula ted t im e  In seconds spent p e rfo rm in g  
a be h av io u r.
2 .2 .4 .  Annr^ratus
The apparatus used to  re c o rd  the th re e  m easures c f t lie  20 
b c lio v ic u rs  was as fo llo w s :-  In fro n t o f the o b se rve r v/as a 12-button 
keyboard, each button a c tiva tin g , when pressed, tw o m ic ro sw itch e s  
m ounted side by s id e , (see p la te  2 .2 , . l ( i i i )  above). The f i r s t  o f these 
sw itches, when c losed, com pleted a c ir c u it  cento in  in g a 97 v o lt  DC 
supp ly , a standard GPO so lenoid  f iv e  d ig it  coun te r, and tw o fu r th e r  
m ic ro ,sw itches, each be ing  ac tiva ted  a lte rn a te ly  by a 2 J-toothed 
w heel, d r ive n  by a V enner s^aichroTuous m o to r ro ta tin g  a t a constant 
s ic  re v o lu tio n s /m in u te . Thus, when the push-button m ic rc s w itc h  was 
c losed, the CFO  coun te r added one d ig it e ve ry  q u a rte r  o f a second. 
The sec end c f the m ic ro  s w i t  c h e s underneath each button , when c losed, 
com ple ted a c ir c u it  con ta in ing  a 10 v o lt DC supply and one pen o f an 
F G Hob ins on & C o. 10 pen event re c o rd e r, w ith  a ch a rt speed o f 
.23 c m /s  (see p la te 2 .2 , l( iv ) ] .  Fach push-button , a c tiv a tin g  the tw o  
m ic ro s  w itc h  es, was p ressed  cn ly  when a p a r t ic u la r  behav iour 
o c c u rre d . Thus, at the  end of an encounter, the  num^ber cn the GPO 
coun te r equalled the accum ula ted tim e  spent in  a p a r t ic u la r  behav iour 
in  seconds/ 1 (d u ro tic n ). F ro m  tlie  paper output fro m  the event 
re c o rd e r  la te n cy  and occu rre nce  w ere  de te rm ined ; La tency v/as 
d e te rm ined  to  the ne a re s t 10 seconds, and the m in im u m  detectable 
gap between tw o m a rk s  cn tlie  eveht re c o rd e r output rep resen ted  one 
second.
55.
2 .3 .5 .  r  t  :> t  i « t  Î c • 11 A n a 1 y s i s
The to ta l num ber o f encounters between in d iv id u a ls  c f d iffe re n t 
g roups in  the m a in  be iia v io u r study is  g iven in  T ab le  9 .9 .: ( i)
T o b le  . 2 .o ( i) Mu in. behaviour study, to ta l num bers o f encoun te rs . 
A d  C I
i '
; 17 I 8 10
I'- cy:
C I 23 j 19 I A d  = A d u lt m a les
j------------1—---------------------   C = C astra ted  m a les
Ad 47 ! I  = Im m a tu re  m a les
The num bers o f re co rd s  obtained fro m  tliese  encounters is  g iven in  
Tab le  9 .2 .5 ( i i )
T c b]e . d . 5 ( i l)  h ia in  behav iour study, n u n L e rs  c f re c o rd s , a l l  
e ncoun te rs .
; C lass c f an im a ls  whose behav iou r C lass c f an im a ls  be ing N o . of 
: was be ing re c o rd e d . i used as opponents, J i-ecords
I Ad Ad I 94
I Aid - C ' 20
I Ad ' I  17
i C ! Ad 20
I  '•
; c  c  ' sa' i
I C I I  - 8
! I  I Ad ; 17
! I ' '! I  C I 8
I
I I  : I  : 38
K ey as fo r  Tab le  2 .2 .5 { i)
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L i ad d ition , n n in ia ls  rem oved fro m  tlie  enc losures at the end o f 
e.oAeriraont I-N C L  4 in  N n irb c r  1973 (see C hapter 4) w ere  a lso  tes ted , 
and the to ta l nun.bers c f encounters a re  given in  Tab le  c . 9 . 3 ( i i i )
Tab le  7 .3 . C (H.i) S 'uppleiwcntcry b<
encounters
hav iour study, tc ta l num bers o f
I l i
A d W  CR4r*
C ib l
A d  L,4
IL4
16
IR4 
lbr ~ l
t_U ’= 5d4 = A d u lt m a les 
Î4 = Imm a tu re m ales 
C4 = C astra ted  m ales 
I t  = R igh t enc losure  
h  = L e ft  enc losure
A n im a ls  rem oved fro m  
enclosures fo llo w in g  
expe rim en t iJNG L 4
The re co rd s  obtained fro m  these encounters is  g iven in  Tab le  2 .2 .C (iv )
Tab le  2 .2 ,f ( iv ) bupp lcm enta ry  behav iour study, num bers c f re c o rd s , 
a l l  e n coun te rs .
C lass o f a n im a ls  whose bc lm v io u r C lass of an im a ls  be ing N o . c f 
was be iii'^  re co rded  used as oppcnenta records
A dL 4
c m
IL4
L i4
A dL4 
C IU
ILd
H U
15
IG
32
Lm u A s fo r  T a b le  2 .2 .3 (H i)
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Because the encounters w e re  o f a f in ite  len g tli, in e v ita b ly  th e re  
w e re  m any occasions when a p a r t ic u la r  behav iour was no t observed; 
the re s u lt  c f  th is  was m any scores  o f 1000 seconds fo r  la te ncy  and 
ze ro  fo r  occu rrence  and d u ra tio n , w h ich  s t i l l  had to  be inc luded  In 
the a n a ly s is . C le a r ly  the  re s u lts  obtained w e re  ra re ly ,  i f  eve r, 
n o rm a lly  d is tr ib u te d , and any p a ra m e tr ic  s ta t is t ic a l a n a lys is  w ould 
have been in a p p ro p r ia te . C om parison  was t lie re fo re  made fo r  each 
o f the m easures fo r  each c f  the  behav iours  observed between each 
c lass  o f a n im a l and c e r ta in  o th e r c lasses us ing  the Mann -  W h itn e y  
te s t (Mann and W hitney, 1947; S iegel, 1956); d e ta ils  o f w lüch  
c lasses w e re  com pared w ith  w h ich  a re  g iven in  T a b le  2 ,2 ,5 (v )
C om parisons c f du ra tio n  o f KUNG17-i\TTACiC, B U N G iK  
u I ,T A L L \T F ,  A I 'ia lO A C II ,  R B TR B A T  and S ,U L A L  w ore  om itted , 
s ince  a i l  these b e iia v io u ra l ac ts  v /c rc  e sse n tia lly  instantaneous, and 
th e re fo re  load no f in ite  length ; co n s id e ra tio n  c f th e ir  du ra tion  was 
th e re fo re  m e a n in g le ss .
The La tency, C ccu rrence  and D u ra ticn  c f M U T U A L U n i lG I IT ,  
lA A T L L ,  CiLhUL and DCaABfATB com bindd (s :\. CD), (being the 
fo u r  b e h av io u ra l com ponents observed in  the arena w hich  appeared 
to  be eM iib ited  at the h ighest le ve ls  of aggression) w ore  a lso  
c cm p a re d .
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K ey to  ta b le  3 ,2 . (v ) .
Each unshaded c e l l  in  the  ta b le  above corresponds to  a 
com parison  between two p a r t ic u la r  k inds o f encounter (a ro w  and a 
c o lu m n ). The num ber in  the c e ll is  the num ber o f the ta b le  in  the  
R esu lts  Section (2 ,3 .)  w h ich  conta ins va lues o f Ü and p o f the h lann- 
V' h itn e y  te s t associa ted w ith  tha t co m pariso n .
T hus, fo r  esam plc, celK ' shows tha t Tab le  2 .3 .3 ( j) ( i i )  in  the  
R esu lts  conta h is  d e ta ils  c f M aim -V h itney com p a ri sons o f th ree  
m easures c f 20 b c lm v ic u ra l ccm ponents c f adu lts  w h ich  had been 
ccn fron ted  w ith  o th e r adu lts  w ith  the be hav iou ra l com ponents c f 
adu lts  con fron ted  w ith  c a s tra te s .
G roup (1) was the c lass  o f a n im a l whose behaviour v/as being 
m o n ito re d .
G roup (2) was the c lass  o f a n im a l tha t was being used as opponents.
The e n tire  an a lys is  was then repeated fo r  a l l  those encounters 
in  w h ich  A lhhvC/ACH o ccu rre d  ( i.e .o m it t in g  a l l  these encounters in  
w h ich  no c lose -co n ta c t behaviour o cc u rre d ). The num ber o f these 
encounters a re  g iven in  Tab les 2 .2 ,5 (v i)  and 2 .2 .C (v li) .
Tab le  2 .2 .C (v i) .  M a in  behaviour study, num bers o f encounters
observed, on ly  encounters w ith  A P I RÜAC11.
A d C I
I lb 8 18
c 17 13
Ad 21
Key: A d  = A d u lt m a les
C = C astra ted  m a les 
I  » Im m a tu re  m a les
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Tab le  2.2.î3(vl!) ,  Supplem entary behav iour study, num bers  c f
encounters observed, on ly encounters w ith  
APPR O AC H
A d L4  CK4 IL 4  IR4
l i t  4 ■** — -  14 K
IL 4  -  -  14 A d i)  A n im a ls  rem oved fro m
g C4 ) * enc losures fo llo w in g
A dL 4  31
14 ) experim en t P N C L 4
I I  » R igh t enc losure  
L  * L e ft enc losure
The num bers c f  re c o rd s  tlie re b y  obtained a re  g iven in  Tab les  
2 .2 .5 (v ii5  and { i x ) .
T a b le  2 .2 .C (v ii0 . M a in  behav iou r study, num bers  o f re c o rd s , on ly
encounters w ith  A P P R O A C H ,
CLass c f a n im a ls  whose C lass o f an im a ls  be ing N o . o f
be hav io u r was be ing  re co rd ed  used as opponents re co rd s
A d A d 62
A d C 17
A d I 16
C A d 17
C C 26
c I 8
I A d 16
I C 8
I I 36
K ey; A d * A d u lt m a les
C = C astra ted  m a les
I  *  Im m a tu re  m a les
4o.
T ab l e 2 ,2 .5 ( t>c) .  Supplem entary behav iou r study, num bers  o f
re c o rd s , on ly encounters w ith  A P iT vO A C Ii.
C lass o f a n im a ls  v/hose 
be hav io u r was be ing re co rded
C lass o f an im a ls  be ing 
used as opponents
N o . o f 
re c o rd s
A dL4 A dL4 8
CR4 CR4 13
I.L4 IL 4 23
II14 IR4 28
i  a A n im a ls  rem oved fro m  enclosures fo llo w in g  
14 ) expe rim en t LN C L4
l i  » R igh t enc losure  
L  ® L e ft enc losure
6 |.
2 .3  RECTI I,T2:
The re s u lts  of the  fo llo w in g  com parisons a re  g iven in  th is  se c tio n :- 
2 .3 .1 * A  com parison  o f the behav iou r c f adu lts  con fron ted w ith  o th e r 
ad u lts , ca s tra te s  con fron ted w ith  o t lie r  ca s tra te s  and im m a tu re s  
con fron ted  w ith  o th e r im m a tu re s  (M a in  behav iour s tudy).
2 .3 .2 . C om parisons o f the v/ays in  w h ich  the b e lia v io u r o f a p a r t ic u la r  
c lass  c f a n im a l v a r ie d  when ccn fron ted  w ith  d iffe re n t s o r ts  of opponent 
(M a in  behav iou r s tud y ).
i . e .  (a) The d iffe ren ce s  betv/een the behav iou r o f adu lts  con fron ted  
c a s tra te s , im m a tu re s  o r  o the r a d u lts .
(b) The d iffe re n ce s  between the behav iour c f cas tra te s  
con fron ted  w it i i  ad u lts , im m a tu re s  o r  e tlie r  c a s tra te s .
(c) The d iffe ren ces  between t lie  behav iou r o f im m a tu re s  
con fren ted  w ith  a d u lts , ca s tra te s  o r o tlie r  im m a tu re s .
2 .3 . 3 . A  com pariso n  o f tlie  behav iou r exh ib ited  in  a d u lt-a d u lt, 
c a s tra te -c a e tra te  and im m a tu re - im m a tu re  encounters b y  an im a ls  
rem oved fro m  le f t  and r ig h t enc losures a t the  end c f exp erim en t 
ENCLr 4 (Supplem entary behav iour study)
2 .3 . 4 . A  c o m p a r is m  o f the behav iou r o f the  ad u lt,ca s tra te d  and 
im m a tu re  m a le  vo les  rem oved fro m  e xp e rim en t E N C L  4, described  
in  section  2 .3 .3 ,  (Supplem entary behav iou r study), w ith  tha t o f the  
ad u lts , ca s tra te s  tuid im m a tu re s  used in  the m a in  behav iou r study, 
described  in  Sections 2 .3 .1  and 2 .3 .2 .
62.
. 3 .1 .  RESULTS.
T a b le  2 ,3 . l ( i )  shows th a t the num ber c f a d u lt-a d u lt encounters
w ith  APPROACH was net s ig n if ic a n tly  d iffe re n t to  the  num ber o f 
c a s tra te -c a s tra tc  encounters w ith  APPRO ACH ( 0 .03 , d f » l , n . s . ) .
H ow ever, Tab le  3.S . l ( i i )  shews t iia t  h igh  le ve ls  o f agg ress ive  
behaviour ('vXV' CL ) o ccu rre d  in  s ig n if ic a n tly  m o re  o f the  a d u lt-a d u lt 
encounters than In the c a s tra te -c a s tra te  encoun ters.
(')L - 0 .00 , d f = 1, p d Q .o l) .  C om bin ing the  tv/o tab les  above.
T a b le  2 .3 . l ( i i i )  shows tha t i f  on ly those er/tounters in  w h ich APPRO ACH 
o c c u rre d  a re  cons idered , the d iffe rences  in  the  inc idence of l.IVv CD 
becomes m o re  h ig h ly  s ig n if ic a n t. ( ')C'= 10.33, d f = 1, p <0 .00 1),
Tab le  3 .3 .1(1) The num ber c f encounters in  w h ich  A l  l  ROACH d id  o r  
not o c c u r.
Type of 
encounter T o ta l n o .
It i  'ilOW L i"!
Yes i'-io
A d  vs A d 47 SI 13
C vs C 19 13 e
I  vs I 19 18 1
0C= 0.05 
d f = I , n . s .
4 .33  
d f = 1 
pCO.da
1^"= 6.88 
d f ® 1
p< 0 .0 2
A d  = A d u lt m a les  
C = C astra ted  m a les 
I  = Im m a tu re  m a les
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T ab le  2 .3 .1 (H )
The num ber of encounters in  w h ich  h igh  le ve ls  c f agg ress ive  
behav iou r (MVv CD) d id  o r  d id  no t occu r -  a l l  encounters considered#
Type o f 
encounter
A d  vs  A d
M A C D
T o ta l N o . RO
C vs C I 19
I  vs I  19
21 23
17
17
-r 6.9:) 
d f = 1
p<0.01  
0
d f * 1
n .s
%  * 6 .90  
d f » 1
p < 0 ,ü l
K ey ; A s  fo r  T a b le  2 .3 .1  ,( i)
T able 2 . 3 . i ( i i t )
The num be r of encounters in  w h ich  IvIVv CD d id  o r  d id  no t occu r • 
on ly  encounters w it l i  A P X T IO A C II cons ide red .
M A C D
Type o f T o ta l N o . 
encounter Yes No
Ad vs A d  , 31
C V3 C j 13
I
I  vs I  18
10 -,
11
13
10.09 
d f » 1^ 
p<O.ODl
0.11
d f « 1 
n .s .
% *  14.46 
d f « 1
p < 0 .0 0 1
K ey: A s fo r  Tab le  2 .3 .1 (1 )
64".
T ab le  2 , l(xv ) shows th a t adu lt im lc s  fought s ig n if ic a n tly  m o re
and sooner than d id  cas tra ted  m a les (iMV. CD, p<0 .0 )1 ) . I t  can a lso  
be seen tha t the so c ia l and in ve s tiga tive  behaviours ( A P d d i C A C H ,  
S T X v D T C î I - A T T D I i D ,  N C S D ,  h D Î I ’' F )  v e re  not s ig n if ic a n tly  d iffe re n t 
between the tw o c lasses c f m a le . G e n  side ra tio n  o f only those 
encounters in  w h ich A I T D C A C i :  occu rre d  shows tha t the d iffe re n ce s  
in  V, K A d T L D  and I d U T U A L  U rA IC A T  a re  s ig n ifica n t ( o <  A  0 1 ) ,  and 
t i l  it  the adu lts  a lso  e. h ib it  D I  K G A - A T T A C A  m o re  (a< . A ) . In 
T ab le  O D A l( iv ) , i t  can to  seen tha t T L A T D - C I I A T T . L A  was m o re  
com m on and las ted  lo n g e r in  adu lts  than ca s tra te s , but D ial the  
la te n c ies  w ere  no t s ig n if ic a n tly  d if fe re n t. In  encounters w ith  
A la i icO A C il, the cas tra te s  huddled w it l i  each o tlie r s ig n if ic a n tly  
sooner and m o re  often than the adu lts  (p^O .da ). As has a lre a d y  been 
shown, A r i D O A C I l  did  net occu r in  s iça iifica n tiy  m o re  c f the 
ca a tra te -c a s tra to  encounters than in  a d u lt-a d u lt encounters 
(Tab le  2 .3 .1 ( i) ,  )IA“  0.03 , d f = l , n . s . ) ;  in  o ther v /c rds , i t  
appeared tha t ca s tra te s  w ere  as w a ry  c f o tlie r  ea. s tru t os as w ere  
adu lts  c f e th e r a d u lts . V. hen A rrA O A C D  had o ccu rre d , tl.e re  was 
no s ig n if ic a n t d iffe ren ce  in  tlie  amount o f so c ia l and in ve s tig a tive  
behav iours  e : i i ib itc d ,  bu t adu lts  fought s ig n if ic a n tly  m o re  tlia n  the 
c a s tra te s .
In co n tra s t to  tlie  com parison  c f a d u lt-a d u lt and o n s tra te - 
cast ro te  encounters, T M le  2 ,S . l ( i )  shows tha t A IT  AC A Cl I
o ccu rre d  in  s ig n if ic a n tly  m e re  c f tlio  h m w a tu re -im m  ature encounters
2
th.;u in  the a d u lt-a d u lt on ecu l i te rs  ( ')L " 2 .28, df = 1, p< 1 . A ) .
T ab le  lA 3 .1 ( i i)  shows tha t -aggressive behaviour ( M  C L )  o ccu rre d  in  
s ig a iifica n tly  m o re  c f the a d u lt-a d u lt encounters tlw n  in  the im m a tu re -  
in .m a tu re  encounters  ^ ( 1C “ --O  h d f = 1, p < 0 .1 1 ). A y  in , 
com b in ing  t lio  two tab les  above g ives Tab le  2 .3 .1 ( i i i ) ;  ccn s id o rin g  
on ly those encounters in  w hich A D I  ilO /iC Ii, occu rred , the d iffe re n ce  
in  the inc idence c f LIA CD becomes m e re  h ig h ly  s ig n if ica n t 
( 1 .AC, d f -  1 ,  p< d . iO l).
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K ey to  tab les  2 .3 .1 ( iv ) ,  (v) and (v î)
2 .3 .2 (a )( ii) , ( i i i )  and ( iv )
2 .3 .2 {b ) ( i i) ,  ( i i i )  and ( iv )
2 .3 .2 (c )( ii) , ( i i i )  and ( iv )
2 .3.3(1)^ (v ), (v i)  and (v i i)
2 ,S .4 ( iv ) , (v) and (v i)
1 . Kach ta b le  chov.-s the  va ines o f the c ta t is t ic  U and associa ted 
p ro b a b ility  p obtained fro m  Idann-K  h itn e y  te s ts  com paring  each 
m easure  o f each b e iia v io u ra l component o f the tv/o groups o f a n im a ls  
(C roups 1 and 2, oliovm above the m a in  body c f the ta b le ) . The le f t -  
hand l ia l f  o f the  tab le  chows the  re s u lts  when a l l  encounters in  each 
g roup a re  com pared, the r ig h t-h a n d  h a lf when cn ly  those enjiounters 
w ith  APPRCACIX a rc  com pared .
2 . S ignlficanoelevels a rc  shown as fo llo w s : 
p < G .C 0 1 = l,  p < Q .C l« 2 ,  p < 0 .0 5 = 3 .
3 . The f ig u re  in  b ra cke ts  chows w h ich  group of a n im a ls  (1 o r 2) 
had the h ig h e r va lues c f each m easure  c f each be hav iou ra l 
com ponen t,
A d  = A d u lt m a le  
C = C astra ted  m a le  
I  = Im m a tu re  m a le  
R = R igh t (experim enta l) cncloxaire 
L  = L e ft (co n tro l) enc losure
Add )
Q , : -  A n im a ls  rem oved fro m  the enclosures 
V a t t lie  end c f experim en t E N C L  4 
Id /
(see C hapter 4 fo r  f u l l  de ta ils )
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T ab le  2 .3 .1 (v )  shov/s fu r th e r  the d iffe ren ces  between the 
b e lia v io u r c f adu lts  con fron tin g  adu lts  and im m a tu re s  ccn frcn tin g  
im m a tu re s . I t  can be seen t l ia t  im m a tu re s  fought s ig n if ic a n tly  less  
w ith  each e the r than d id  ad u lts , i[x ir t ic u la r ly  once an A IT - 'llO A C lI 
had been m ade, (k lv /C D , pCO.OCT). The d iffe re n ce  is  s t i l l  
s ig n if ic a n t, though le ss  so, fo r  la tency  and du ra tio n  c f h l l iC D  when 
aH encounters a re  inc luded (p < Q ,G l). In  t lie  encounters w ith  
A P P R G A C IÏ, adu lts  exh ib ited  LU N G E-ATTAC IC  m o re  often and 
sooner (p < 0 .0 5 ) than d id  im m a tu re s . T a b le  2 .3 .1 (v )  a lso  shows 
t l ia t  S T IIE T C II-A T T E N D  o ccu rre d  sooner (p^O .05) m o re  often 
(p < 0 .01 ) and las ted  lo n g e r (p <0 ,01 ) in  iro n ia tu re - iiru iia tu re  
encounters than in  a d u lt-a d u lt encounters when on ly  tliose  encounters 
w it l i  APPR O AC H  w e re  cons idered , bu t tha t t l ia re  is  no s ig n if ic a n t 
d iffe re n ce  when a l l  enco in te rs  a re  co n s id e red . A ltlxough APPRO ACH 
o c c u rre d  in  s ig n if ic a n tly  m o re  c f t lio  Im m a tu re -im m a tu re  
encounters tlia n  i t  d id  in  t lie  a d u lt-a d u lt encounters, (Tab le  2 .3 .1 (1) 
7 ^  = 3 .3 8 , d f *  1, p<D .02) cnee i t  had occu rre d , tlic n  s o c ia l and 
in ve s tig a tive  beha\dours w e re  ne t m o re  ccm m cn, except in  the case 
c f b T R E T C II-A T T P N D . In  o tlie r  w o rds , so c ia l and in ve s tig a tive  
b e lia v ic u rs  tended to  lead  to  o ve rt aggress ion  in  a d u lt-a d u lt 
encounters but ne t in  Im m a tu re - im m a tu re  encoun ters . A^dults 
e id iib lted  T E E T H -C ÎU T T E R  sooner (p < 0 .05 ), m e re  often (p^ 0 .001) 
and lo n g e r (p < 0.031) than d id  im m a tu re s  when on ly t lie  enccunters 
w ith  AkPPROA*Oil a re  considered , and cn ly  the d iffe ren ce  in  la te nc ies  
is  n o n -s ig n if ie  ant in  a l l  encoun te rs , T P E T IÎ-C ÎL A T T E R  appeared as 
a d e te rre n t to  fu r t l ie r  aggress ion  in  a d u lt-a d u lt enccunters in  m any 
cases, som etim es apparen tly  a c tiv e ly  m liib it in g  A.PFROAvCIX, but in  
c t l io r  enccunters i t  was seen to  lead cn to  h ig h ly  ag g ress ive  
in te ra c tio n s . I t  can be seen t lia t  G K O O M -bP LF  v/as seen m o re  and 
fo r  lo n g e r in  im m a tu re - im m a tu re  encounters than in  a du I t-a d u lt  
enccun te rs , when a l l  enccunters a re  considered , and fo r  lo n g e r in  
enccunters  w it l i  APP R O A C H . The equ ivoca l na tu re  c f G R O O î.î-SELF 
described  in  section  2 .2 .2  means t lia t i t  was ne t re a lly  poss ib le  to  
in te rp re t t lic s e  d iffe re n c e s .
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T a b le  2 .3 .1 (v i)  chows the d iffé re n ce s  between the behav iou r o f
ca s tra te s  ccn fron ted  w ith  ca s tra te s , and th a t o f im m a tu re s
ccn fron ted  v /ith  immatures'. In  sp ite  c f the  la rg e  sam ple s ises , i t  can
be seen t lia t t l ie re  w ere  no s ig n ific a n t d iffe ren ces  betivecn the so c ia l
and in ve s tig a tive  and agg ress ive  behav iours  o f the tw o  g roups . W hen
a l l  encounters a re  cons idered . I t  can be seen t la it  im m a tu re s  spent
lcng e r(p<0  .GG) in  G ilG C h l-b E L F  tlian  ca s tra te s ; ago in , t lie
b io lo g ic a l reason fo r  t l i is  is  d if f ic u lt  to  in te rp re t .  S ig n ific a n tly
2m e re  (T ab le  2 .S .1(1), %  * 4 .3 0 , d f = 1, p< 0 .00) im m a tu re -
Im m a tu re  enccunters invo lved  an APFR O ibC II tlian  d id  the ca s tra ta -  
ca s tra te  encounters, bu t t l ie re  is  no s ig n ific a n t d iffe ren ce  in  the  
num bers  c f encounters in  w h ich  h igh  le ve ls  of agg ress ive  b e lia v io u r 
(hTGGCD) o ccu rre d  (Tab les 2 ,3 .1(11) and 2 .3 .1  ( i i i ) ) .
2 .3 .1 . S m w racry.
C on s id o ra tlcn  o f the a d u lt-a d u lt, c a s tra to -ca c tra ta  and 
irn m a ta rc - iin ra a tu re  encounters has shcv/n tha t, h i the arena te s t 
used in  the  p resen t study, adu lts  fought s ig n if ic a n tly  m e re  am ongst 
them se lves  than d id  ca s tra te s  o r  im m a tu re ;;, and tha t t l ie re  w ere  
no im p o rta n t d iffe re n ce s  between the  re co rd e d  b e iia v io u ra l 
com ponents c f ca s tra te s  and im m a tu re s . î ïo \/e v e r, im m a tu re s  
appeared le ss  rc luc tau it to  approach each e th e r than d id  e ith e r 
0-du Its  o r  ca s tra te s ; in  both c f the  la t te r  g roups, seve ra l encounters 
had no A P m O A C H  a t a l l .  Onco an A r r h O A C I I  had bacn m ade, th e re  
WEiD no re a l d iffe re n ce  in  the am ount o f so c ia l and b iv c s tig a tiv o  
behav iours  exh ib ited  by the th re e  groups; in  the a d u lt-a d u lt encounters, 
the in i t ia l  so c ia l behaviour escalated to  agg ress ive  behav iour, in  the  
c a s tra te s  and im m a tu re s  i t  d id  n o t.
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2 .S .2 . R esu lts  (e o n t.)
2 .3 .3(a) C om parison  o f the ways in  w h ich  the behav iou r o f adu lts  
v a r ie d  when c o n fr tn te d  w ith  ca s tra te s , im m a tu re s  o r  o t lie r  a d u lts .
T ab le  2 .3 .2(a)(1 ) shows tha t s ig n if ic a n tly  m o re  approaches w e re  
m ade in  the a d u lt- im m a tu re  enccunters tlia n  in  the a d u lt-a d u lt 
encounters, bu t t l ia t  o t lie r  com parisons w ere  n o n -s ig n if ic a n t.
T a b le  2 .S .2 (a ) ( t) . The num ber c f encounters in  w h ich  A P F H O A C Ii
d id  o r  d id no t o c c u r.
Type o f encounter T o ta l N o . ‘'TRPpricîAcH' Y es No
A d  vs A d  47 81 16 -|TC «2.57 '
A d v s C  20 17 g j d f = l ,  n .s .
A d  vs  I  17 16 1 J  r = 0 . 7 3  •
d f = In .  S.
K e y : A d  » A d u lt m a les
C » C astra ted  m a les 
I  ® Im m a tu re  m a les
5.05 
d f*  1
pdO.G5
Tab le  2 .3 .2 (a ) ( i i)  shows the com parison  o f a d u lt-a d u lt encounters 
w ith  a d u lt-c a s tra te  encoun te rs . I t  can be seen tha t adu lts  con fron ted 
w ith  adu lts  fought sooner, m o re  often and fo r  lo n g e r than d id  adu lts  
con fron ted  w ith  ca s tra te s  (hiV*. CD, pE 0 . G D I ) . LU N G E-ATTAC IC  and 
LU N G E -E L ‘T A L L \T E  w ere  a lso  exh ib ited  sooner and m o re  often b y  
adu lts  in  a d u lt-a d u lt encounters than by adu lts  in  a d u lt-c a s tra te  
encoun te rs . In genera l, t lie  am ount o f s o c ia l and in ve s tig a tive  
b e lia v io u r was no t d iffe re n t a lthough, in  a l l  encounters, adu lts  
con fro n tin g  ca s tra te s  exh ib ited  S TR K TC H -A TTE N D  m e re  (p^Q.GG) 
and in  the encounters w ith  A P H IO A C II, adu lts  con fron ting  adu lts  
exh ib ited  SN IFF m o re  (p < 0 .0 5 ). Cnee APPROACH had o ccu rre d , 
adu lts  w ere  m o re  p rone to  SSATEAL when w it l i  c t l ie r  adu lts  than when 
w it l i  c a s tra te s . T h is  was because SÉUEAL was com m on ly  observed 
in  a ssoc ia tion  w ith  h igh  le v e ls  o f agg ress ive  behav iour ( LU N G E - 
ATTACIC , and L U N G E -R E T A L L \T E  as w e ll as 1VÎUTUAL U P R IO IIT
11.
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ind W R E S TLE ).
T a b le  2 .3  •2 (a )( iii)  shows the com parison  between tlie  b e lia v io u r 
o f adu lts  ccn fron ted  w ith  ad u lts  and the behav iour o f adu lts  con fron ted  
w it l i  im m a tu re s ; the  re s u lts  a re  v e ry  s im ila r  to  tlic s e  described  in  
the  p rev iou s  se c tio n . A d u lts  in  a d u lt-a d u lt encounters indu lged in  
s ig n if ic a n tly  m o re  agg re ss ive  b e lia v io u r than d id  ad u lts  con fron ted 
w ith  im m a tu re s  (M W CD, p^O .D l fo r  a l l  encounters, p < 0.001 fo r  
encounters w it l i  APPR Q AC H ; M U T U A L  U PRIG H T, 0.01 fo r  a l l  
encounters, pCO.DQl fo r  encounters w ith  APPRO ACH; LU N G E - 
A T T A C K  and W IlE S T L E , p<0.U5 fo r  encounters w ith  A P P R O A C H ).
I t  can a lso  be seen tha t adu lts  in  a d u lt-a d u lt encounters exddbited 
T E E T H -C H i\T T E R  sooner, m o re  often and fo r  lo n g e r than adu lts  
con fron ted  w ith  Im m a tu re s  (T E E T H -C îL \T T E R , p < 0 .0 5  fo r  du ra tion  
in  a l l  encounters, and fo r  la te ncy  and o ccu rrence  in  enccunters w ith  
A P P R O ilC H , p^O .01 fo r  d u ra ticn  in  encounters w ith  A P P R O A C H ).
T a b le  2 .S .2 (a )( iv ) shows tîia t th e re  was v e ry  l i t t le  d iffe re n ce  
between t lie  be hav io u r o f ad u lts  con fron ted  w ith  ca s tra te s  and th a t o f 
adu lts  con fron ted  w ith  im m a tu re s ; tlie  fo rm e r  group exh ib ited  
T E E T H -C H A T T E R  sooner (p < 0 .0 5 , aU encounters, p< 0 .01  in  
encounters w ith  APPRO ACH, and lo n g e r (p < 0 .05 , in  encounters w ith  
APPR O AC H ) than do the la t te r .  A ls o , in  the encounters w ith  APPR O AC H , 
ad u lts  exh ib ited  STRETCH -A T T E N D  m o re  to  cas tra te s  tlian  to  
im m a tu re s  (p '^0 .0 5 ). These s lig h t d iffe re n ce s  have no obvicus 
exp lana tion .
2 .3 . - (a ) . N um m ary .
A s  expected, adu lts  fought m o re  w ith  e ther adu lts  than they  d id  
w ith  e ith e r ca s tra te s  o r im m a tu re s . The response c f adu lts  to  the  
presence c f ca s tra te s  U  s im ila r  to  th e ir  response to  im m a tu re s , 
w ith  l i t t le  o r no aggress ive  b e lia v iou r, and x i th  o im lla r  am ounts c f  
s o c ia l and in ve s tig a tive  b e lia v iou r being e xh ib ited .
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2 ,o C crnnarison o f the ways î.n w h ich  the  behav îo ïir o f ca s tra te s
v a r ie d  when con fron ted w ith  adu lts , im m a tu re s  o r  o th e r c a s tra te s .
T a b le  2 .3 .Z (b)(i) shows t lia t,  in  encounters w it l i  ca s tra te s , th e re  
w e re  no s ig n if ic a n t d iffe ren ce s  in  t lie  num bers  o f encounters 
con ta in ing  A P n iC A C II between the d iffe re n t g ro up s .
T a b le  2 .3 .2 ( i j ) ( l ) , The num be r o f encounters in  w h ich  A IT T iO A C H  
did  o r  d id  ne t o c c u r.
Type o f encounter T o ta l N o . Yes No
C vs A d  22 17 3 1 X *"*! *4 9
C v s C  19 13 s '  J 3 J
C VS I  8 8 a - * d f *  I j t i .s .
%"» 1.45 
d f *  l^n. 3 .
T ab le  2 .3 .2 (b ) ( i i)  g ives t lie  d iffe ren ce s  between the behav iour o f 
ca s tra te s  con fron ted  w ith  c t l ie r  cas tra te s  and t l ia t  o f ca s tra te s  
con fron ted  w ith  a d u lts . I t  can be seen tha t when a l l  the encounters 
a re  cons idered , ca s tra te s  e:vhibited APPRO ACH w it î i adu lts  s ig n if ic a n tly  
sooner (p < 0 .05 ) and m o re  often (p < 0 .05 ) than the y  d id  w ith  o th e r 
c a s tra te s . S im ila r ly ,  ca s tra te s  e id iib ite d  S T H E T O îI-A T T E N D  to  
adu lts  s ig n if ic a n tly  m o re  (p<0.Q 5) tlian  they d id  to  o th e r c a s tra te s .
I t  has a lre a d y  been noted th a t Axl-PIIOACH on ly  occu rre d  a t a l l  in  13 
cut o f the  19 c a s tra te -c a s tra te  encounters, and th is  is  re fle c te d  by tlie  
fa c t t l ia t  t l ie  se s ig n ific a n t d iffe re n ce s  a re  no t repeated when on ly  tliose  
encounters w ith  APPRO ACH a re  con s ide red . I t  can a lso  be seen t l ia t  
ca s tra te s  e^diib ited T E E T H -C lh lT T E R  s ig n if ic a n tly  m o re  often and fo r  
lo n g e r a t adu lts  than they  d id  a t o th e r ca s tra te s  (p< 0 .C 31 ) ,  LU N G E -  
R E T A L IA T E  a lso  has lo w e r la tency  (pC0.D5) and h ig h e r occu rrence  
(p < 0 .01 ) f o r  the ca s tra te s  in  the c a s tra te -a d u lt encounters than in  t lie  
c a s tra te -c a s tra te  encounters, as docs b tU E A L  (La tency  and 
O ccu rren ce , p'dO.OS). IU N G E -R E T A L IA T E  by  a ca s tra te  u s u a lly  
q u ic ld y  d e te rre d  fu r th e r  approaches by  an a d u lt. On the o th e r hand.
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th e  I^atency o f G KO O iM -CTIIh’n. is  s ig n if ic a n tly  lo w e r (p<^0,05) and 
the occu rrence  and du ra tio n  o f b o tli C ROOM -  O T IIE  R and IÏÜ D D LE  a re  
s ig n if ic a n tly  h ig h e r (p<O.DC) fo r  ca s tra te s  c o n fra it in g  cas tra te s  than  
fo r  ca s tra te s  co n fro n tin g  a d u lts . T hus, c lose  contact was m o re  l ik e ly  
in  c a s tra te -a d u lt encounters than in  c a s tra te -c a s tra te  eaicounters; 
how ever, L U N G S -H E T A L IA T E , SQUEAL and T E E T H -C IIA T T E R  w ere  
m o s t often the re s u lt  in  c a s tra te -a d u lt encounters, w hereas H UDDLE 
and GRO O M -O THER predom ina ted  in  c a s tra te -c a s tra te  encoun te rs .
T ab le  2 .3 .2 (b ){ ii i)  com pares tîie  behav iours  o f ca s tra te s  
con fron ted  w ith  o th e r ca s tra te s  w ith  t l ia t  o f ca s tra te s  con fron ted  w ith  
im m a tu re s . When a l l  encounters a re  considered , i t  can be seen tha t 
LO CO M O TIO N o ccu rre d  m o re  often (p < 0.001) and fo r  lo n g e r (p < 0 .01 ) 
in  h ie  ca s tra te s  in  c a s tra te - in u n a tu rc  encounters than in  t lie  ca s tra te s  
in  c a s tra te -c a s tra te  encoun te rs . In  tliose  encounters in  w h ich  an 
A IT 'i lO A C II  o ccu rre d , LOCOM OTION occu rre d  sooner (p < 0 .û 5 ), m o re  
often (p ^D .O l) and fo r  lo n g e r (p^0 .D 5 ) in  the encounters when ca s tra te s  
w ere  con fron ted  w ith  im m a tu re s  than when ca s tra te s  w ere  con fron ted  
w ith  c t l ie r  c a s tra te s . I t  can a lso  be seen fro m  T ab les  2 .3 . i ( b ) ( i i i )  th a t 
the  ca s tra te s  tended to  ezdiibit to  APPR O AC H , S TR E TC H -A TT E N D ,
NOSE and R E TR E A T  m o re  w ith  im m a tu re s  tlia n  tlie y  d id  w ith  o th e r 
ca s tra te s ; even when cn ly  those encounters wdth an APPRO ACH a re  
cons idered , these so c ia l and in ve s tig a tive  behaviours w ere  m o re  com m on 
in  ca s tra te s  w ith  im m a tu re s  than in  ca s tra te s  w ith  e the r c a s tra te s . 
C in i i la r ly  T E E T H -C H A T T E R  o ccu rre d  m o re  often and fo r  lo n g e r 
(p< 0.001 fo r  a l l  encounters) in  cas tra te s  w ith  im m a tu re s  tlia n  in  
ca s tra te s  w ith  o th e r ca s tra te s , as d id  j  L U N G E -R E T A E L IT E  (p^^O.OOl 
fo r  a l l  th re e  m easures in  a l l  encounters and fo r  occu rrence  and du ra tio n  
in  encounters w ith  A P P R O A C H ). In  n e ith e r s o rt o f cnccu n tc r, how ever, 
was th e re  an ap prec iab le  am ount c f o ve rt ag g ress ion .
T a b le  2 .3 .2 (b )( iv )  com pares the behav iour o f ca s tra te s  in  c a s tra te -  
adu lt and c a s tra te -Im m a tu re  encoun ters . I t  has been shown t lia t in  bo tli 
these tw o  s o rts  o f encounter, cas tra te s  tended to  e :\h ib it m o re  so c ia l and 
in v e s tig a tiv e  behav iours  tlia n  they did to  o the r ca s tra te s ; i t  has a lso  been 
shown tha t cas tra te s  o s iiib ite d  T E E T H -C IL A T T E R  and L U N G E -R E T A L IA T E
79.
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81.
m o re  to  adu lts  and im m a tu re s  than they did to  c t l ie r  c a s tra te s .
T a b le  2 .3 .2 (b ){ iv )  shows tha t in  both a l l  encounters, and in  encounters 
w ith  A P P ilO A C H , cas tra te s  indu lged in  s o c ia l and in ve s tig a tive  
behav iou rs  s ig n if ic a n tly  m o re  v /it l i im m a tu re s  tlia n  w it l i  a d u lts . T h e re  
a re  no s ig n if ic a n t d iffe re n ce s  in  those behav iours  w h ich  w ere  shown to  
be exh ib ited  m o re  by  ca s tra te s  to  adu lts  and im m a tu re s  tlia n  to  o th e r 
ca s tra te s  such as T E E T H -C H A T T E R  and E U N G E -R E T A E E IT E  .
8Z.
2 .3 .2(b) . Sxirnm ar y
F e w e r c a c tra te -c a s tra te  eaccunters con ta in  A P P R C A C II than do 
c a s tra te -a d u lt and c a s tra t a - im m a tu re  encoun ters. In  encounters 
v / it i i  APPRO ACH cas tra te -c3 -s tra ta  enccunters a re  ch a ra c te rise d  by 
H U D D LE and G R O C M -O T IILR , w hereas ca s tra te s  com m on ly LUNGE- 
R E T A L IA T E , T E C T H -C IIA T T E R  and SQUEAL in  c a s tra t e -adu lt 
encounters, and LUNGE - R E T  A ELATE and T E E T H -C IL X T T E R  in  
c a s tra te  - im m  a tu r  e encoun te rs . LUNG E -R E T A  L L \T E  and T E E T IÎ-  
C ILATTER appeared to  have a d e te rre n t e ffe c t to  the advances c f 
adu lts  o r  im m a tu re s  bu t w e re  ne t com m on in  c a s tra te -c a s tra te  
en co un te rs .
85.
V., 3 . 2 ( c ) . C om parison  o f tlie  ways in  w h ich the  behav iou r c f im m a tu re s  
v a r ie d  when con fren ted w ith  adu lts , ca s tra te s  o r  o th e r im m a tu re s .
T ab le  2 .3  ,2 (c )(i) shows t l ia t  v e ry  few encounters w ith  im m a tu re s  
d id  no t con ta in  APPRO ACH, and th e re  a re  no s ig n if ic a n t d iffe ren ces  
between the g roups .
T able 2 . 3 .2 (o )(t) . The num ber of encounters in  v/M ch APPRO ACH
d id  o r  d id  no t o c c u r.
m f   ^ 1 APPRO ACHT ype  o f encounters T o ta l N o . - r - ---------— —Yes i \o
I  vs  A d  17 16 1
I  vs  C 8 S 0
I  vs  I  19 16 1
1 l " . 0 . 0 2
df= l,n .s .
d f = l , n  s
( ff = l  
n.s
T a b le  2 ,3 .2 (c ) ( i i)  shows tha t the  cn ly  s ig n ific a n t d iffe ren ces  
between t lie  behav iou r o f im m a tu re s  in  im m a tu re - im m a tu re  
encounters and in  im m a tu re -a d u lt encounters was m o re  LOCOM OTION 
and S TR E TC H -A TT E N D  in  the la t te r .  No im m a tu re -a d u lt encounters 
conta ined any h igh  le ve ls  c f  agg ress ive  behav iour (M A C D ), and on ly  
tw o  im m a tu re - in im a tu re  encounters contained any MV. C D .
Tab le  2 .3 .2 (c ) ( i i i)  com pares t lie  behav iou r c f Im m a tu re s  
con fron ted  w ith  ca s tra te s  w ith  t lia t o f im m a tu re s  con frcn tod  w ith  
o th e r im m a tu re s . I t  can be seen tha t both occu rrence  and d u ra tio n  
o f LO CO M O TIO N a re  s ig n if ic a n tly  g re a te r in  t lie  fo rm e r  tlian  in  t lie  
la t te r  (p^O.OOl and pdO .O l re sp e c tive ly ) and tha t in  genera l im m a tu re s  
con fron ted  w it l i  ca s tra te s  ex liib ite d  s ig n if ic a n tly  m o re  APPR O AC H , 
b T R E T C H -A T T E N D , NOSE, SN IFF and R E T R E A T . The reason fo r  
t i l ls  is  tha t in  im m a tu re - in u n a lu re  encounters approaches w e re  few , 
and a f te r  a bout o f in ve s tig a tive  b c lia v io u r, t lie  two a n im a ls  tended to  
s e tt le  down. T E E T H -C H A T T E R  was m o re  com m on in  Im m a tu re -
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%6.
c a s tra te  encc im te rs , and APPRO ACH by an im m a tu re  v/aa com m cmly 
count o r  ed by  L U N G E -R E T A L l\T iu  by  the  c a s tra te ; the  im m a tu re  then 
re tre a te d  but o ften the c y c le  o f APPR O AC H  -  S TR E TC H -A TT E N D  -  
K 03H  .  L U N G 2 .R E T A L I\T E  (by the  ca s tra te ) -  R E TR E A T waa 
repeated s e v e ra l t im e s  $
T a b le  2 .3 .2 {c £ v )  shows tlie  d iffe ren ces  between the bchavlc iar 
c f  im m a tu re s  con fron ted  w ith  adu lts  and t l ia t  c f  im m a tu re s  con fron ted
w ith  c a s tra te s . I t  can be seen tlxat im m a tu re s  exh ib ited  LO C Q M O TION.
APPROACH, NOSE, SNIFF and R E TR E A T  s ig n if ic a n tly  m o re  w ith  
ca s tra te s  than  w ith  a d u lts *  I t  has a lre a d y  been shewn tloa t,in  
co m pariso n  w ith  Im m a tu re - im m a tu re  encoun ters,im m a tu re s  con fron ted  
w ith  c a s tra te s  exh ib ited  m o re  LOCOr.lOTION, APPROACH and s o c ia l 
and in v e s tig a tiv e  behav iours  as a re s u lt o f the ca s tra te s  tendency to  
L U N G E -R E T A L IA T E ; the  sam e appears to  be th e  case when 
Im m a tu re -c a s tra te  and im m a tu re -a d u lt encounters a re  com pared .
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2 .3 .2 (c ). Su m m  a:
Im m a tu re s  con fron ted  v /ith  any opponent m r o ly  e.'d iibit o ve rt 
ag g re ss ive  b e lia v io u r. The degree o f LO CO blO TIO N and 
in v e s t igr.tive behav iour e ;d ilb itcd  b y  im m a tu re s  appears to  be 
g re a te s t in  irn m a tu re -c a s tra te  encounters and le a s t in  im m a tu re - 
im m a tu re  encounters, w ith  im m a tu re -a d u lt encciuite-rs fa ll in g  
betiveen tlie se  tw o . T h is  is  due to  the fa c t t l ia t  imm a tu res  se ttled  
down w ith  each o the r, w hereas ca s tra te s  tended to  exh ib it 
re ta lia to ry ’- behav iou r, t liu s  ele-uating le ve ls  c f a c t iv ity  am ongst 
t l ie i r  iirm ia tu re  opponents.
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2 .3 .3 > and 2 .2 .4 , Re.^mlts (cont.)
It has been the object in the main behaviour study, the results of 
which have been presented in sections 2.3.1 and 2 .3 .2 , to demonstrate 
the differences between the behaviour of adult, castrated and immature 
male baidc voles, by comparing encounters of adults with adults, 
castrates witli castrates and immatures with immatures, and by 
comparing their reactions to different opponents. The aim of tills 
behavioural study was to validate the premises upon which the 
eiq^erlrnciital ecological study described in  Chapter 4 was based.
Following experiment E liC L 4, the actual üuiimals used (see 
section 2 .2 ,5  for details), upon whose behaviour the experiment 
depended, were tested, firstly to demonstrate the behavioural 
differences bbtween the various dusses of male removed from the 
enclosures, and secondly to demonstrate tliat their behaviour was 
comparable to that of the animals used in the main behaviour study. 
These results are described in Section 2 .3 .5  and 2 .5 .4  respectively • 
which follow.
3, Femilts (coiit.) - Supplementary beliaviour study, animals
from Experiment JINCL 4 .
The section that follows gives the results of the following
c oniparisons
2 .3 .3(a) ; between tlie behaviour of adults from the left (control) 
enclosure and that of castrates from the right 
(experimental) enclosure.
2 .3.3(b) : between the behaviour cf adults from the left (control) 
enclosure and that of immatures also from the left.
2 .3.3(c) : between the behaviour of castrates from the right
(experimental) enclosure and that cf immatures also 
from the right.
2 .3.3(d) : between the beiiaviour cf immatures from the left (control) 
enclosure and that of immatures from the right 
(experimental) enclosure.
So.
2 .3 .c(a) é C ompg r i s on of th e behaviour of adults from the left 
(control) enclosure with that of castrates from the ri.eht (experimental) 
enclosure.
Table 2 ,3 .S(i) shows the differences between the behaviours of 
tlie castrates and adults removed from the enclosures at the end of 
experiment EN C L 4. It can be seen tliat adults exhibited high levels 
of aggressive behaviour significantly sooner and more often that did 
the castrates (M EC D , p<0,01 for a ll encounters, p<û.ü01 for 
encounters with APPRO ACH). Tables 2.3.5(1) and (ill) and (iv) 
show that out of a total of eight adult-adult encounters, four contained 
APPROACH, and cf th.ese four, a ll four contained MVv CD. Among 
the castrates, a ll eight encounters contained APPROACII, but none 
cf these contained MW CD. Thus it can be seen tliat the adults 
removed from the left enclosure, once APPROACH had occurred, 
were clearly much more aggressive than the castrates from the 
right enclosure.
Table 2.3.3(1) shows that general social and investigative 
beiiaviours occurred, as one would expect, sooner, more often and 
for longer in the castrate-castrate encounters tlian in the adult- 
adult encounters. The highest level of amicable behaviour, HUDDLE, 
occurred significantly more between castrates than between adults, 
botli when a ll and when only encounters with APPROACH are considered. 
TEETH-CHATTER which it has already been noted appeared to be a 
behaviour with threat properties, occurred significantly more often 
between adults than between castrates (p40.05 for a ll encounters, 
p40.01 for encounters with APPROACH. The castrates also exhibited 
LOCOMOTION significantly more than the adults; because of its 
association with fighting in the adult-adult encounters, the significance 
is markedly less in the encounters with APPROACH than when a ll 
encounters are considered.
In general therefore, this comparison paralellel tlxat between the 
behaviour of castrates and adults in the main behaviour study (Results 
given above in section 2 .3 .1 ). Adults fought significantly more than 
castrates; following APPROACH, castrates exhibited more social and 
amicable behaviour.
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Table 2.3 .o(U). The number of encounters in which APPROACH
did or did not occur in behaviour tests of animals 
from Experiment ENGL 4.
"APPRUACir-
Type of 
encounter
Total No. Yes No
AdL4 vs AdL4 o 4 4 -, % = 5.331
. c3f= 1 %"=4.00
CR4 vs CR4 8 8 0 J p<0.05 df=l -
IL4 vs IL4 16 14 2
df* 1
p<0.05 df»l
IR4 vs IR4 16 14 2 J n.s n .s .
1 \ removed from enclosures at end
C4 -  Castrated ina es ^.^p.^anent ENGL 4 
14 * Immature males )
E = Left enclosure 
R - Right enclosure
Table 2 .3 .3 (iii) . The number of encounters in which high levels of
aggressive beiiaviour (MWCD) did or did not occur 
a ll enccunters considered.
Type of 
encounter
Total No. MW CDYes No
AdL4 vs AdL4 
CR3 vs CR4 
IL4 vs IL4
IR4 vs IR4
8
8
16
16
 1  9 • G4
0 8 Jp-^0,05 clf* 1 0
0 16 -| % = 0 “* p<0.01
0 16 -J n .s .
df= 1 
—1 n .s .
Key: As for Table 2 .8 .3(ii)
93.
The number of encounters in which MW CD did 
or did not occur - only encounters with 
APPROACH considered.
Type of 
encounter
AdL4 vs AdL4
CR4 vs CR4
IL4 vs IL4
IH4 vs IR4
Total No. ]M \v CDYes No
4
8
0 -if"»  12.04 7
  df * 1
3 Jp^O.OOl
14
14
14 -|
0 14 J
0
17.83
df =■ 1
df ■ 1 
n.s*
p<0.001 df » 1
—* n . s .
Key: As for Table 2.3.3(11)
2 .3 .S(b). Comparison of the behaviour of Immatures from the left 
(control) enclosure with tliat cf immatures from the riH it 
(experimental) enclosure.
Table 2 .3 .c(v) shows that the only difference between the 
behaviour of Immatures from left (control) and right (experimental) 
enclosures was that for immatures from the left, the occurrence of 
GnOOr.I-ShLF was significantly higher than for immatures from tlie 
right (pdO.Cl for a ll encounters, p C,03 for encounters with 
A rP itC A C II). Immatures from left and right enclosures had lived 
a ll their lives in different social environments - those in the left in 
the presence cf adult intact males cnly, those in the right in the 
presence cf the same number cf adult males, the majority cf which 
were castrated (see Chapter 4 for full details). It was therefore 
highly likely that there were differences in tlie learnt behaviour of 
these two groups; the method of arena testing used in the present 
study was clearly not sensitive enough to give any clear indications 
of these differences. It is interesting to note, however, that the 
only other beiiaviour whore the difference between the groups 
approached significance was T h E T îI-C IIkT T IlR  (p<0.13 for latency, 
occurrence and duration for a ll encounters. Immatures from the 
right enclosure exhibiting it sooner, more often and for longer than 
those from the le ft). rerhaps the fact that both these behaviours 
are sometimes pent of low level and or conflict aggressive situations 
indicates tliat the immatures from the control enclosure were more 
acquainted witli aggression than were the immatures from the 
experimental enclosure,
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2 .3 .3(c). Comparison cf the behaviour of adults from the left 
(control) enclosure with that of immatures also from the left enclosure.
As with the comparison of adult-adult and immature-immature 
encounters in tlie main beiiaviour study, tlie results cf which are 
given in section 2 .3 .1 .,  Table 2 .3 .S(vi) shows that the adults from  
the left (control) enclosure fought significantly more than did the 
immatures also from the left enclosure (MV; CD, p^O .Cl for a ll 
encounters, 0.001 for encounters with A FrR O A C il). The same 
result is demonstrated in Table 2 .3 .3 (iii) where it can be seen that 
the number cf encounters between adults containing Mu CD v/as 
significantly higher tlian the number of encounters between immatures 
containing MV‘ CD ( *)(_“* 9.64, df » 1, p<D.01). When all encounters 
are considered, the immatures oihibited A PPROACII more and 
sooner than the adults (latency p<0.05, occurrence p<0.01). They 
also eidiibited significantly higher levels cf social and investigative 
beiiaviours. These differences are not significant, however, when 
only these encounters containing APPROACH are considered. This 
is prim arily because four out of the eight adult-adult encounters 
contained no APPROACH. Even so, immatures exhibited LOCOMOTION 
sooner and for Icmger than the adults in the encounters with APPROACH 
(p^0,05 for both). Adults exhibited TEETH -CIh\TTER more than the 
immatures in a ll encounters (p^O.üc) and when only encounters 
containing APPROACH are considered (p ^O .O l). Net surprisingly, 
the comparison between the behaviour of inimatures from tiie left 
enclosure and that of the adults from the left enclosure is very 
sim ilar to the comparison made between humature-immature and 
adult-adult encounters in section 2 .3 .1 . There appeared to be less 
inhibition of movement and APPROACH when two immatures 
confronted each other than when two adults confronted each ether, 
and as a result more acts of APPROACH were made. In Üiose 
encounters where tliis inliibition v/as overcome, social and investigative 
behaviour tended to lead on to aggression between adults and on to 
amicable behaviour between immatures.
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2 .3 .3(d), Comparison of the behaviour of castrates from the ri(?ht 
(experimental) enclosure with that of the immatures also from the 
right enclosure.
Table 2.3.3(111) shows that there was no fighting either between 
the castrates or the immatures from the right (experimental) 
enclosure, and Table 2.3.8(11) shows that there was no significant 
difference in the number of encounters tliat contained APPROACH. 
Table 2.3.S(vii) however, shows that the castrates from tlie right 
enclosure were markedly more active than the immatures. 
LOCOIVIQTION occurred significantly more often and lasted longer 
in castrate-castrate than in immature-immature encounters, both 
when a ll encounters are considered, and when only encounters with 
APPROACH are considered (p^O.05). In general, the social and 
investigative behaviours also occurred significantly socncr, more 
often and for longer when castrates encountered one another tlian 
when immatures encountered immatures. These elevated levels of 
LOCClvIOTION’ and investigative behaviours eidiibited by tlie castrates 
were associated with high levels of TEETH-CHATTER, HUDDLE, 
GROOM-OTHER and CROUCII, a ll of which were significantly higher 
than in the immature-immature encounters (TEETH-CHATTER, 
p^Q.OGl for latency, occurrence and duration when a il encounters 
are considered, p^O.GQl for latency occurrence and duration in 
encounters with APPROACH, HUDDLE, p <0.05 for latency and 
occurrence both when a ll encounters and only encounters with 
APPROACH are considered. GROOM-OTHER and CROUCH, p<0.05 
for a ll three measures for a ll and for encounters with APPROACH).
These results are in marked contrast to the comparison of 
castrate-castrate and inmiature-irnmature in encounters in the main 
beiiaviour study (section 2 ,3 .1 ) where there were practically no 
differences in behaviour between the two groups. The reasons for 
this contrast are tliat the castrates removed from the right 
(experimental) enclosure were much more active than tiie castrates 
previously studied and hence indulged in more investigatory behaviours 
A direct comparison between castrates removed from the right 
enclosure at tlie end of experiment ENCL 4 and castrates from tlie 
main behaviour study is given in section 2.3 .4(b).
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2 . 3 , 3 . Summary.
Adults from the left (control) enclosure were significantly more 
aggressive in laboratory arena tests tlxan the castrates from the 
right. This fact is the foundation stone upon which the entire study 
of the populations within tiie enclosures rested; calculated 
manipulation of tîie levels of aggression in one enclosure with respect 
to the other, whilst as far as possible keeping other differences 
minimal, was an integral part of tlie experimental design. Adults 
from the left enclosure ’ were less inclined to exhibit APPROACH 
with each other tlian were castrates from the right; as expected 
however, following APPROACH ^ castrates exhibited more amicable 
behaviour y adults exhibited more aggressive behaviour. Immatures 
from different enclosures showed no marked differences in 
behaviour.
Adults from the left enclosure, as expected, fought more than 
immatures from the same enclosure; following APPROACH, adults 
fought, immatures were amicable. Neither castrates or immatures 
from the right enclosure fought; however, the castrates were 
significantly more active and social tlian the immatures, something 
that was not observed in the main behaviour study (see 2 .3 .1 .) .
The reasons for this difference are discussed below (2 .4 ).
loi.
2 . 3 . 4,  Results (cent.)
Sections 2.3.3(a) - (d) have clearly demonstrated the differences 
between the behaviour of tlie adult, castrated and immature males 
removed from left and right enclosures of Experiment ENCL 4.
Cliapter 4 describes the results that tills difference in overall levels 
of aggression between tiie two enclosures had on population variables. 
Section 2 .3 .4 , which follows, compares the results of the adult- 
adult, castrate-castrate and immature-immature encounters between 
animals from Experiment ENCE 4 witli equivalent encounters 
previously described in the main belia-viour study (section 2 .3 .1 . 
above).
2 .3 .4(a). Comparison of the behaviour seen in adult-adult encounters 
from the main behaviour studv with the bchabloitr seen in encounters 
between adiilts removed from the left enclosure at the end of 
experiment ENCL 4.
Table 2 ,3 .1(1) shows tliat there was no significant difference in 
the number of encounters with APFRCACH between the adults from  
the left enclosure and those previously studied, nor was there any 
significant difference in the number of encounters with high levels 
cf aggressive bciiaviour (MV. CD), (Tables 2 .3 .4 (ii) and (iii)).
Table 2.3.4(iv) shows that there were only slight differences 
between the bciiaviour of the two groups; in particular, the adults 
from the main study exhibited hlUTUAE U rillG IiT  and hence MWCD 
sooner (p \0 .05) than did the adults removed from the left enclosure, 
when only those encounters with APPIICACII are considered. In a ll 
encounters, adults from the main study exhibited TE E TII-C IL \TTE R  
more often and for longer than adults from the left enclosure (p<0.05). 
These differences are lost when only those enccjunters with APPROACH 
arc considered. Conversely, adults from the left enclosure exhibited 
GRCObl-SELF more and for longer, both when a ll encounters are 
considered, and when only encounters wdth AldlTiCACII are considered 
(p<0.05). The uncertain nature of GIICOI.I-SLLF either as a 
displacement behaviour, or as simple body care, mean that the 
differences shown are difficult to interpret.
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Table 3 .3 .4(i) The number cf encounters in which APPROACH did 
or did not occur -  comparison of results of main 
behaviour study witii those of supplementary behaviour 
study.
APPROACHType of encounter Total No, Yes No
Ad vs Ad 47 31 16
Ad L4 vs AdL4 8 4 4
C vs C 19 13 6
CIM vs CI14 8 8 0
I vs I 19 18 1
IL4 vs IL4 and 
ni4 vs IH4 
(encounters from 
both enclosures 
combined)
32 28 4
= 0.77 
df = 1 
n .s .
3.25 
df = 1 
n .s .
0.77 
df *  1
Key: Ad ® Adult males )
C * Castrated males ) from main behaviour study 
I  « Immature males )
r 'f  ^  1 \ removed from enclosures at end of
C4 » Castrated ma es ^,^pertoent ENCL 4 
I I  * Immature males)
L » Left enclosure 
E « Eight enclosure
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Tablo 2 .3 .4 (i l ) . The number of encounters in v/hich !vî\VCD did
or did not occur - a ll encounters considered; 
comparison of results of main behaviour study 
with those of supplementary bciiaviour study.
Aid V3 Ad 
AdL4 vs A.dlA
C vs C 
CE4 vs CU4
I vs I
IL4 vs IL4 and 
IR4 vs IR4 
(encounters from  
both enclosures 
combined)
al No. Yes No
47 21 2o n 0.10
8 4 4 J df» 1 n .s .
19 6 17 1 0.93
8 0 8 Jdf» 1 n .s .
19 2 i ^ =  3.47 
df “ 1
32 0 32 n .s .
Key; As for table 2.3.4(1)
/04-.
Table 2.3.4(111). The number of encounters in which MWCD did or
did not occur - only tliose encounters with 
APPROACH considered; comparison cf results of 
main behaviour study with those of supplementary 
study.
Type of encounter Total No. MwC.0Yes No
Ad vs Ad 31 21 10 i  2.93
AdL4 vs AdL4 4 4 0 ] df» 1 n .s .
C v s C  IS 2 11 1
df» 1 
n .s .CR4 va CR4 8 0 8
: ]
I  vs I  18 2 15 "j oC^^S.lS
I df ® 1IL4 vs II>i and 
IR4 vs IR4
(encounters from bctli 
enclosures combined)
0 23 n .s .
Key: As for Table 2 ,3 .4 (i)
/OS.
CM CO 
CO
a  a
§ gi-i u
O Ü
lo m
TJ X3
O O Ü Ü CD CD U U
lO I CO cn ICO CO lOT'cM 
CM -CM
CD CD
CD CD
CD Çd 02 n,
CO 
CO iO 
CM iCM
TT lO 
o  Ic o O  iO  
CM ICM
CD 13 CM ICMTJ CD
Ç4 0  bJOrh ni 02 m
CQ r j
CO cO
COjO 
CM ! m  
CM
CO CO 
T f  i CM 
CM « CM
02 02
CM ICM02 02
CO cO
Tf CD
cnCL 02
a  fXg g
02 03
1 3  1 3
u  uO O Ü Ü 0 0 
u
13 0 0
u u 0 0II CO I m  i mCO iD-
0  CL
0  1 3
13 0
02 02
cO cO
S SCO CO k
02 02 
W 03
cO cO
Ü U
|o6.
2 .3 .4(b). Comparison of tlic behaviour seen in castrate-castrate 
encounters from the main behaviour study witli tlie behaviour s^en 
injcncounters between castrates removed from enclosures at end 
of experiment ENCL 4 .
Tables 2,3.4(1), (ii) and (iii) shew that there are no significant 
differences in the number cf encounters containing APPROACH and 
MA, CD between tlie two groups of castrates being compared. 
APPRCACIÎ occurred in eight out of eight encounters between 
castrates from the rigluenclosure, and M\ACD in none of tlicm.
Table 2.S.4(v) shows however, tliat there were considerable 
differences in the locomotory and so<cial and investigative behaviours 
between the two groups, particularly v/hen a ll enccunters are 
considered. In general, it is the castrates from the right enclosure 
which exhibited significantly more LOCOMOTION, STRETCH-ATTEND, 
NOSE, SNIFF, HUDDLE, GROOM-OTHER and CROUCH than the 
castrates from the main study. Castrates from the right enclosure 
were particularly active and non-aggressive* As in tlie main part 
of the study, LUNGE-RETALIATE was occasionally observed, and, 
along wntli TEETH-CHATTER, it appeared to prevent any higher 
levels of aggression being exhibited; however, there were no 
significant differences in these two beliaviours between tlie two 
groups.
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2 .3 .4 (c ). Comparison of the behaviour seen in immature-Immature 
encounters in the main behaviour study with the behaviour seen in 
encounters between immatures removed from left and right 
enclosures at the end of experiment ENCL 4.
For this comparison, the results of encounters between immatures 
from tlie right enclosure have been considered jointly with the results 
of encounters betaveen immatures from the left enclosure; it has been 
already shown that the behaviour of tîiese two groups was not 
significantly different in any important points.
Tables 2.3.4(1), (ii) and (iii) show tdiat there were no significant 
differences between the number cf encounters with APPROACH and 
MV7CD between tîie two groups. Table 2,3.4(vi) sliows however, 
that there were quite considerable differences in the amounts of 
various behavioural components. The most striking was tlaat, both 
when a ll encounters are considered and when only those encounters 
with APFRCACH are considered, TEETH-CHATTER was exhibited 
sooner, more often and for longer by the animals from the main 
study than by tiie animals from the enclosures (p<0.001). In 
contrast to this, social and investigative behaviours were, in general, 
exhibited more by the immatures from the enclosures, particularly 
when only encounters with APPROACH are considered (HUDDLE, 
p40.01, for latency, occurrence and duration, STE.ETCH-ATTEND, 
0.05 for latency and occurrence, p<0.01 for duration, NOSE, 
p< 0.05 for occurrence, 0.01 for duration, SNIFF, p<0.05£>r 
latency end occurrence, pCO.Gl for duration).
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Surr. iT ia rv .
■ I III .1.1 ,„#f.„
T iie  behav iou r o f adu lts  fro m  exp erim en t E N C L 4 d iffe re d  on ly  
v e iy  s lig h t ly  fro m  tlie  behav iour c f adu lts  in  the m a in  be îiav lou r 
s tud y . The be hav iou r o f ca s tra te s  fro m  the r ig h t enc losure  of 
exp e rim e n t E N C L  4 and the behav iou r c f im m a tu re s  fro m  both 
enc losu res  o f E N C L  4 conxbined, how ever, d iffe re d  m a rk e d ly  fro m  
the  b e iia v io u r o f ca s tra te s  and in n n a tu re s  fro m  tlie  m a in  behav iour 
s tudy . In  both cases, th e re  was no d iffe re n ce  in  the  am ount o f 
ag g re ss ive  behav iou r observed, bu t t lie  an im a ls  fro m  tlie  
enc losures exh ib ited  s ig n if ic a n tly  m e re  locomotor^'-, s o c ia l and 
in v e s tig a tiv e  behav iours  such as LO CCM O TIG N, A PFR C AC H , 
S T R E T C H -A T T E N D . NOSE and S N IF F .
2 . 4 . DISCUSSION
The stud ies described  in  the  in tro d u c tio n  to  th is  chajpter Iiave 
shown th a t m any fa c to rs  a re  capable o f in flu enc ing  t iie  fo rm  th a t 
encounters between m a le  roden ts in  the  la b o ra to ry  can ta ke .
Section 2 .2 ,1 ,  de scribe s  the  p recau tions taken to  standard ise  the  
te s tin g  p rocedure  used in  the  p resen t study, a im ed a t e lim in a tin g  
as fa r  as po ss ib le  a l l  fa c to rs  except the  con d ition  o f the  in d iv id u a ls  
be ing te s te d . M ost o f the  stud ies described  in  2 .1 .  used an im a ls  
f ro m  c a re fu lly  se lected s tra in s  o f m ic e , whose lineage fo r  m any 
genera tions was Imown; in  th is  study the  m a les  used w ere  s tandard ised  
on ly  w ith  re sp ec t to  age, w eight and tre a tm e n t. N o tw ithstand ing  
th is ,  the  re s u lts  obtained have la rg e ly  corresponded to  those o f 
p rev ious  re p o r ts .
E ach section  o f the  re s u lts  o f the  la b o ra to ry  study o f behav iour 
(2 .3  above) w i l l  now be d iscussed in  tu rn .
112.
Feotton 2 .4 .1 . Discussion of section 2 .3 .1 . -  Comparison of the 
behaviour of adults confronted with other adults, castrates confronted 
with otiier castrates, and immatures confronted with other immatures.
Pre-pubertally castrated male bank voles fought significantly 
less with each other than did sham-operated adults. This is in 
agreement with a ll the previous studies of the direct effects of pre­
pubertal castration , cf rodents (Uhrich, 1838; Beeinan, 1947;
Pu chow sky et a l . ,  19G8; Le.diner and Moyer, 1075 among others), 
where testicular androgens are assumed to control directly, through 
neural influence, an animaPs tendency to aggressive behaviour.
Also as expected from previous studies of other rodents, 
immature male voles fought significantly less with each otxier than 
did adults. Rowlands (1830) lias siiown that at around a weight of 
lOOmg, the testes of Clethrionomys glareclus start to contain ' 
spermatozoa, and, as described in the introduction (2.1), several 
studies have demonstrated that the onset of aggressive behaviour 
coincides with puberty and the general elevation of circulating 
androgens associated with It (Levy and King, 1953; Lagerspetz and 
Talc, 1937; Brain and Nowell, 18S9; Christian, 1971; and McKinney 
and Desjardins, 1973).
Because wild caught animals were used in the present study, 
immaturity had to be defined in physiological (testis size, body 
weight, etc) rather than chronological terms, as is possible with 
laboratory bom animals. An immature was defined, therefore, as 
an animal weighing less than ISgrn, whose testes were estimated by 
palpation to be less than 0.5cm in length, and which liad no scars to 
indicate fighting experience. Voles born at the end of the breeding 
season commonly fail to come into breeding condition In the year of 
their birth, and firs t become sexually mature at the beginning of tlie 
next breeding season; animals born at the beginning of tlie breeding 
season may become sexually mature very quickly at a very low weight. 
AUthough a physiological definition of immaturity was used in the 
present study, the results are in agreement v/ith tlie general 
hypothesis tliat male aggressive behaviour is chiefly under the control 
of testicular androgens, which are present in tlie immature animal 
at extremely low levels.
UnHke the ca s tra te s . Im m a tu re s  w ere  m uch less  v /a ry  o f each 
o th e r than w e re  ad u lts , and approached each o the r in  s ig n if ic a n tly  
m o re  o f the  encoun te rs . A ga in  how ever, th e re  was re la t iv e ly  l i t t le  
d iffe re n ce  between tiie  am ount o f in ve s tig a tive  behav iours  o f the  tw o 
g roups, once an approach had been m ade.
In  ge ne ra l, im m a tu re s  and ca s tra te s  d id  not behave v e ry  
d if fe re n t ly ,  except in  the  case o f the  num ber o f encounters observed 
w ith  an approach, w here  im m a tu re s  approached each o the r m o re  than 
c a s tra te s . The fa c to r  th a t, in  the n e u tra l a rena , keeps m o re  adu lts  
a p a rt f ro m  ad u lts , and m o re  ca s tra te s  a p a rt f ro m  ca s tra te s , than 
iirn n a tu re s  a p a rt f ro m  im m a tu re s ,is  no t c le a r .  The w o rk  o f Jones 
and N o w e ll (197Sb)on the a v e rs iv e  o lfa c to ry  cue p resen t in  dom inant 
bu t not repea ted ly  defeated m a le  m ouse u r in e , and its  poss ib le  
re la tio n s h ip  to  p itu itry -a d re n o c o r t ic a l fu nc tion ,m ay be o f re levance , 
s ince p re -p u b e rta l c a s tra tio n  has the  w e l l  Inovm  e ffec t o f causing 
the  re te n tio n  o f the  X -zo n e  o f th e  ad ren a l c o r te x  in  m ic e , as w e ll as 
causing a d re n a l hyp e rti'o ph y ; how ever, the  co m p le x ity  o f t lie  
re la tio n s h ip s  between a d re n o c o rtic a l and gonadal in fluences and 
b e iia v io u r, w h ich  a re  no t w e ll understood, p rec lude any conclus ions 
beinsr d ra w n .
1I4-.
Section 2 , 4 . 2 , Discussion of Section 2 .3 .2 . - Comparisons of tlie 
ways in which tlie behaviour cf a particular class of animal varied when 
confronted with different sorts of opponent.
In broad terms, it has been easy to show that adults are more 
aggressive tlian castrates or immatures, simply by measuring tlie 
incidence or duration cf those behaviours which represented high 
levels cf aggression. In the present study these were MUTUAL 
UrRIG K T, WXIESTLU, CHASE and DCMINATL, combined into a 
composite aggressive beiiaviour MVvCD; many of the mouse studies 
described in the introduction (2.1) have used sim ilar methods, 
slightly more or less refined. For example, Dixon (1973) scored a 
total of 48 elements of bciiaviour, but then only analysed the results 
of his experiments in terms of four major groups of elements (Non­
social, Social investigation and mating,/ggression end F light).
When the amount of overt aggression is low, however, these 
relatively crude measures are not sufficient to describe differences 
between groups. In the following sections therefore, whilst the gross 
differences in both aggressive and social and investigative beliaviours 
w ill be discussed, the differences in individual elements, particularly 
those aggressive elements displayed by immatures and castrates 
which appear to prevent escalation to higher levels of aggression, 
w ill also be discussed.
1(5.
Section 2.4.2(a) Pi sou g sien cf section 2.3.2(a) - Comparisons of 
the behaviour of adults confronted with castrates, immatures or 
otlier adults.
The results obtained in this section were as expected from previous 
studies on n±:e. It has been shown in the introduction that testicular 
androgens appear to have two distinct concurrent effects on aggressive 
beliaviours of rodents:-
(a) Through the modification of the production of olfactory cues.
(b) Through central motivational effects on fighting, presumably 
acting on brain tissues.
Several authors have shov/n that castrated male mice are less 
susceptible to attack by trained fighters than are intact males (Lee 
and Brake, 1971; Mugford and Nowell, 1970, 19711)/Brain and Evans, 
1974(a) and (b)), and that immature males are sim ilarly immune 
(Mackintosh, 1970; Dixon, 1975). Androgen replacement therapy 
restores proneness to being attacked (Lee and Brake, 1972; Mugford, 
1974; Brain and Evans, 1374(a)). The reason for this appears to be 
that an aggression releasing substance is present in the urine of adult 
male mice, and is under androgenic control; immature males and 
castrates do not possess it .  The urine of females has been sîiown to 
have an aggression inhibiting quality (Mugford and Nowell, 1370,
1971a; Dixon and Mackintosli, 1971; Svare and Gandlsrnan, 1975); 
this does not appear to be the case with tlie urine of castrates and 
immatures, since the urine from both these groups does not prevent 
adults from being attacked, or attenuate aggressive behaviour in 
potentially aggressive situations (BMon, 1973). Thus it was to be 
expected that adult male voles would attack and fight wîh other adults, 
but would not fight with castrates or immatures, and the results have 
shovii this to be the case. The differences between the behavioural 
I'eactions of adults to castrates and immatures was not marked.
116.
Sectioir 2 A  .2 f b ) . Discussion of section 2.3.2(b) -  Comparisons of 
the behaviour of castrates confronted with adults, immatures or 
other castrates.
The results of the comparison cf the beiiaviour of castrates 
confronted with different opponents were much less clear cut than 
those described in the previous section because, in general, 
castrates were not overtly aggressive.
The function of certain behavioural elements in preventing tlie 
escalation of behaviour to higher aggressive levels, either by causing 
an approaching animal to retreat immediately, or by preventing the 
approach in the first place, appeared imi:>ortant in the behaviour of 
castrates. Thus, lunging at an approaching opponent (lUNGE- 
riETALL\TE']t witli no bodily contact, was commonly sufficient to 
cause the approaching animal to retreat. This behaviour is ' 
morphologically very sim ilar to the lunge of an auiimal that has 
approached another(LUNGE-ATTACK)but the motivation for tlie tw'O 
appeared to be quite different; tlie former appeared to have a 
deterrent effect, the latter to be overtlyyaggressive. LUNGE- 
RETALIATE was exhibited by castrates to both approaching Immatures 
and adults; with adults it was often accompanied by a squeal, and 
appeared to be more effective as a result. This behaviour is clearly 
described and drawn in Clarke's (1956) study of the field vole 
hUcrotus agrestig, although he associated squealing v/ith weaker 
rather than more effective retaliation by subordinate animals.
TEETH-CiL,\TTER was observed in a ll three classes of animal, in 
a ll test situations, and seemed to act effectively as a deterrent to 
approach; it was commonly observed in encounters where no approach 
at a ll was made. Clarke (1956) said that teeth gnashing was a 
threatening behaviour commonly observed when two voles of equal 
status met, but also in unequal encounters. Turner and Iverson 
(1973) scored a ll vocalization together, but distinguished between 
squealing and teeth chattering. They claimed that squealing was 
heard during the breeding season, and teeth chattering when encounters 
between animals not in breeding condition were staged; in the present 
study this was not the case, and although squealing and teeth cliattering 
were observed under very different circumstances, the same animal
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frecmently exhibited both in the same interaction.
Although the numbers of encounters in the three groups 
(C vs Ad, C v3 C, C vs I) containing an approach was not 
significantly different (see Table 2 ,3.2(b)(i)), castrates tended to 
approach and indulge in amicable behaviours more with immatures 
tlian with adults or v/ith otlier castrates. The former was, at least 
in part, as expected from tlie studies on the aggression facilitating 
olfactory cues of adult males previously discussed (Lee and Brake, 
1371; Mugford and Nowell, 1870, 19711)vBrain and Evans, 1974 a , 
b ), although all these studios monitored actual attacks by trained 
fighter mice on test animals and have not considered, at least 
directly, the action of olfactory cues on the social and investigative 
behaviours of non-aggressive animals. Vvhetlier the fact that 
castrates approached and investigated adults significantly less than 
immatures was the result of an aggression facilitating or an 
aversive pheromone cf the adults (Jones and Nowell, 1973a), is open 
to question. Similarly, tlie reasons for castrates huddling witli and 
grooming adults less than they did with other castrates may also be 
due to either an aversive cue from the adults, or to an aggression 
facilitating cue, also from the adults, acting at a lov/er threshold 
tlian has previously been suggested. Castrates approached adults 
significantly eooner than they did other castrates, which suggests 
that an aversive pheromone was not acting.
The fact that castrates approached and investigated immatures 
significantly more than they did other castrates cannot be explained 
in terms of the current laiowledge of aversive and aggression -  
facilitating and inliibiting olfactory cues.
1(8
Section 2 .4 .2(c), Discussion of section 2.3.2(c) - Comparisons of 
the behaviour cf immatures confronted with adults, castrates or 
other immatures.
As expected, immatures very rarely e:diibited Iiigh levels of 
overt aggressive behaviour, whatever the opponent.
The behaviour of one animal in an encounter is obviously 
affected by the behaviour of the other, and this is demonstrated in 
this section; castrates, as has already been discussed, tended to 
lunge at approaching and investigating adults and immatures, and 
this behaviour appeared to prevent tlie level cf aggression rising, 
since it usually resulted in an immediate retreat. Immatures however, 
appeared less affected than adults by tliis retaliatory lunge, and after 
retreating, commonly approached again only to be lunged at again, 
and so on. As a result, immatures confronted with castrates tended 
to show high levels cf locomotion and investigatory behaviours. In 
immature - immature encounters, approaches were few because the 
two animals settled down fairly  quickly after an initial bout of mutual 
investigation. The possible existence of both an aggression eliciting 
pheromone, present in adult males but not in castrates or juveniles, 
and an aversive pheromone, which has been shown to be more 
effective in dominant adult males than in subordinates, lias been 
discussed above in tlie context of both adults and castrates reaction 
to different opponents. These two olfactory cues also appear to 
have been acting in mediating tlie behaviour of immatures in the 
present study, demonstrated by the reactions of castrates and 
adults to immatures, and tlie fact tliat immatures were so amicable 
with each other. Turner and Iverson, (1973 ) scored 'Time together* 
in their study of Microtus pennsylvanicus, regardless of whether 
animals were aggressive or amicable, and a sim ilar measure in the 
present study could have demonstrated how much different classes 
cf animal avoided each otlier. The only real measure in the present 
study of highly amicable behaviour was HUDDLE, but immatures 
were commonly very active, and did not e:diibit this beiiaviour very 
frequently.
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Sections 2 .4 .3 . and 2 .4 .4 . Discussion of section 2 .3 .3 . , 
(Supplementary behaviour study of animals removed from enclosures 
at the end of experiment ENCL 4) and section 2.3 .4  , (Comparison of 
results from main and supplementary behaviour studies).
The aim of these tv/o sections of the results was to demonstrate 
2 .4 .3 .: tliat the adults, castrates and immatures used in experiment 
ENCL 4 (see Chapter 4) behaved differently from each other (Results 
section 2 .2 .2 ) and
2.4 .4  .: that any differences demonstrated in section 2 .3 .3 . were 
broadly comparable to the differences demonstrated in the main 
behaviour study (Results sections 2.3 .1  and 2 .3 .2 ).
• Both these aims were achieved with one or two exceptions. A s  
expected, adults removed from the enclosures at the end of experiment 
ENCL 4 fought with each other, whereas castrates and immatures did 
not, and adults Removed from the left enclosure at the end of 
experiment ENCL 4 did not behave very differently from adults from  
the main behaviour study. Although there was no difference In the 
ariressive behaviour of immatures from ENCL 4 and immatures 
from tlie main study, and sim ilarly no difference in the aggressive 
behaviour of castrates from ENCL 4 and castrates from the main 
study, (there was virtually no aggression in any cf the four groups), 
botli castrates and immatures removed from tlie enclosures were 
more active and exliibited more social and Investigative beiiaviour 
than animals from the main study. Like animals from the main study, 
a ll animals from ENCL 4 were isolated for a minimum of two weeks 
before behaviour testing, and were otherwise treated in exactly the 
same way. However, animals used in the main study were wild- 
caught animals, which had grown up under normal bank vole social 
conditions. Animals from tlie enclosures, on tlie ether hand, had 
been subjected to a very atypical environment and high population 
densities (see C h a fe r 4 for details). The marked effects cf social 
experience on subsequent behaviour has already been mentioned 
(King and Gurney, 1357; Bevan et a l.,  I960), and it is likely that 
this would have most effect on the immatures, a ll bom in the 
enclosures. The castrates in the main study had a ll been isolated 
at castration, several weeks before behaviour testing; the castrates
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from ENCL 4 had spent 10 months living in the enclosures wiüi 
other castrates, adult and immature males and females, and were 
only isolated after removal from the enclosure. It is not really 
possible, therefore, to be more specific about the reasons for the 
differences between the behaviour of animals removed from tlie 
enclosures and tliat of animals used in tlie main beiiaviour study 
except that their previous social experience had been clearly very 
different. This does not alter the fact most pertinent to the present 
study, that both castrates and immatures removed from the enclosures 
at the end of experiment ENCL 4 were significantly less aggressive 
than the intact adult males removed from the enclosures at the same 
tim e. Ill other words, overall levels of aggressive beiiaviour in the 
right, experimental enclosure were significantly less than the levels 
of aggressive beiiaviour in the left, control enclosure.
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C H A T T E R  3
F ie ld  observatinn of bank vole behaviour
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3 .1 . INTRODUCTION
Between June and October 1973, observations were made of 
behavioural interactions under field conditions. It v;as felt that the 
teclmiques of laboratory observation of beiiaviour, described in 
Cliapter 2, might be poorly reflecting bctli the qualitative and 
quantitative nature of field agonistic interactions. Field observation 
of behaviour is very common in studies of larger mammals; largely 
because cf the secretive nature however, beliavioural observations 
of rodents under field conditions iiave been few (Finley, 1939; 
Andrzejewsld and Olszewski, 19C3; Kildoiwa, 1934; Ashby, 19G7;
Brown, 1969; Greenwood, 1374; Carson, 1975). In none of these 
studies liave behavioural components been accurately defined or 
quantified, and only in two (Brown, Garson) were individuals 
identified. Andrzejewski and Olszewski (1963) observed 313 
appearances of bank voles (Clethrionomys glarelous) at a bait point 
(as well as 521 appearances cf yellow-necked mice, A|x?demus 
flavicollis), of which 35 were interactions between two bank voles.
They divided these interactions into tliree types, tolerant and 
aggressive meetings, and meetings with mutual flight, and they 
stated tliat, in bank voles, aggressive interactions were more frequent 
than tolerant or mutual flight interactions. Percentages of each type 
are given in tlieir paper, but contradict each otlier, and therefore no 
comparison witli the present study can be made. Kikkawa (1964) and 
Ashby (1907) both mention brief field observations of bank voles.
Brown (1939) and Garson (1975) observed A pod emus sylvnticus in the 
field, and Greenwood (1974) observed both species, Jewell (pers.comm.) 
watched A . sylvoticus in dry stone chambers on Hirta, St.Kilda; in none 
of these studies were behavioural components described in detail or 
quantified.
Similarly, although some observations have been made of the 
behaviour of small mammals in large enclosures, the incidence of 
individual beliavioural components has not been quantified (e.g.C larke, 
1935; South wick, 1955(b); van V ijngaardon, 1930; Grower oft, 1960; 
Crow croft and Rowe, 13GS; Bidicker, 1973 and others). Southwick 
(1355b)scored the number of aggressive interactions per hour, and 
Crowcroft (1968) and Crowcroft and Kov/e (1983) interpreted their
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detailed descriptions and observations of tlie behaviour of 
individuals in Mus niusculu3  poiailations in large indoor pens in 
terms of social structure within the pens, but did not quantify 
individual components. More detailed observations have been made 
on laboratory populations in large cages, but usually only in terms 
of the rates at which aggressive acts occurred (e.g.Lloyd and 
Christian, 1937; Terman, 1974; Lloyd, 1975). Tîuis it can be 
seen that studies containing systematic observation of the 
behavioural components of small mammals outside the confines of 
small laboratory arenas have been almost non-existent. The object 
of the present study was not prim arily to quantify in detail 
differences between behaviour observed in the two enclosures used 
in the ecological part of this study (see C im ie r 4 for full details), 
and the differences between behaviour observed in them and in the 
field, but to determine the relationsliip between the beiiaviour 
patterns observed in the laboratory arena tests and those observed 
under more natural conditions.
jZ f .
3 . 2 .  METHODS
Observations were made at three locations.
1. Left enclosure
2, Right enclosure
Zoology Department, Royal Holloway 
College.
3. Oakfield, Burghfield, nr.Reading, Berks.
The two enclosures (each 550m in area) are described fully in 
Chapter 4 . Observations at Oakfield were made in the middle of a 
grid in an area of mixed woodland being regularly live-trapped as 
part of another study. Because a ll three areas were being trapped 
regularly, it was possible to mark captured animals by clipping the 
fu r. Clipping the guard hairs exposes the black under-fur, and if  
distinct patches are clipped, animals can be identified at a distance 
Animals were fur clipped as shown in F ig . 3 .2 (i).
F ig . 3 .2 (i) . Fur clipping.
K ey
Ad = Adult 
I  = Immature 
C = Castrate
I  99
Ad 99
C dtf
I  dhr
Ad dd*
Dorsal view
During the period of observation, the left enclosure contained 
approximately 25 adult males, 20 adult females and 45 each of 
immature males and females. The right enclosure contained
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approximately 2 0  castrated males, five adult males 2 0  adult females 
and 65 each of immature males and females. Estimated density of 
animals at Oakfield was approximately So voles/ha. (T .D .Healing, 
personal communication).
In order to facilitate observations, a bait point was set up on 
each of the three sites. This consisted of a large tin filled with oats 
with a small opening at the bottom from which voles could feed.
Voles at this point were observed through binoculars from a range of 
about ID metres. A ll observations were in daylight between 07.15 
and 19*10, and, alUiough it is obviously not possible to assess the 
effect of an observer on the levels of activity of animals in the field, 
it is assumed tiiat tlie quality of interactions was not changed by an 
observer*s presence; commonly, voles started moving around and 
feeding within a very short time of my arriva l and on no occasion was 
one seen to pay any attention to me. Encounters observed were simply 
recorded in full, with particular attention being payed to recording the 
2 0  beiiaviours already described in Cha%3 ter 2 , The additional category 
of MUTUAL AVOIDANCE was also scored* On many occasions, two 
animals saw each other from a range of a half to one metre and 
immediately rushed off in opposite directicais. Clearly this could not 
occur in the laboratory arena tests previously described, but in the 
field constituted a definite interaction, without an APPROACH or any 
aggression occurring. MUTUAL AVOIDANCE was, of necessity, a 
blanket term , and in effect covered a ll interactions conducted at a 
distance, before an APPROACH occurred. SQUEAL was scored 
whenever it was heard, even if it was not part of an interaction under 
observation at the bait point.
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Although trapping within the enclosures was intense (see Chapter 4), 
many animals were caught relatively infrequently, and because fur 
clips are lost at moulting, a fa irly  high proportion of the populations 
were not marked at any one tim e , Also, voles move very ouicldy, 
and an interaction was frequently over before the marks could be 
definitely distinguished. Consequently, in the majority of the 
interactions observed, neither the ses or age of either one or other 
of the participants Is known. Trapping at Oaîcfield was considerably 
less intense (five days trapping every six weeks) and as a result, 
observed interactions containing marked animals were very few.
During the course of the field observation of beliaviour, the following 
components of agonistic behaviour described in Chapter 2 were 
observed:- LUNGE-ATTACK, LUNGE-EETALIATE, SQUEAL, 
LOCOMOTION, GROOM-SELF, APPROACH, STRETCH-ATTEND, 
NOSE, SNIFF, CHASE, F LE E . The following behaviours v/ere not 
observed:- MUTUAL UPRIGHT, WRESTLE, DOMINATE, SUBMIT, 
CROUCH, GROOM-OTHER, HUDDLE. TEETH-CHATTER could not 
have been heard at the range from which observations were made, 
and so it Is not known whether or not it occurred. The results of 
this field study of behaviour are summarised in Tables 3.3(1), (ii) 
and (iii) .
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Table 3 .3 (ii) . Field observation of behaviour, Details of interactions 
observed between animals of different age and sex 
classes (combined data for two enclosures and Oakfield).
Ad dd I M Ad 99 I  99 Age and sex 
not known
4 17 3 5 44
Age and 0.50(2) 0.59(10) 0.67(2) 0 . 2 0 (1 ) 0.38(17)
sex not 0.50(2) 0.41( 7) 0.33(1) 0.80(4) 0.61(27)
known 0.75(3) 0 . 1 2 ( 2 ) 0  (0 ) 0 . 2 0 (1 ) 0.25(11)
0.75(3) 0  ( 0 ) 0  ( 0 ) 0  (0 ) 0.05( 2)
1 8 0 0
0  (0 ) 0.50(4) -
I  99 1 . 0 0 (1 ) 0.50(4) - -
0  ( 0 ) 0.13(1) •- -
0  (0 ) 0  (0 ) - -
0 1 0
- 0  ( 0 ) -
Ad 99 - 1 . 0 0 (1 ) -
- 0 (Q) -
- 0  (0 )
7 6
0.29(2) 0.33(2)
I 0.71(5) 0.67(4)
0.43(3) 0  (0 )
0.29(2) 0  (0 )
2
0  (0 )
Ad dd 1 . 0 0 (2 )
1 . 0 0 (2 )
1 . 0 0 (2 )
K ey; Each line in this block ' V
corresponds to a line W (w)
in each of the cells X (x)
in Table 3.3(ii) above Y (y)
1 Z (z).
V = Number of interactions observed.
W(w) = Proportion (and number) of interactions with MUTUAL AVOIDANCE 
X(x) = Proportion (and number) of interactions with APPROACH 
Y(y) = Proportion (and number) of interactions with agonistic behaviour. 
Z(z) = Proportion (and number) of interactions with agonistic behaviour, 
excluding CHASE.
Ad '= Adult.
I  = Immature,
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Table. 3.3 ( i i i ) . Field observation of behaviour. Details of 
interactions of different age and sex classes, 
irrespective of opponent .
Interactions
involving Add'd" I d(f Ad ?9 I  92
Age and sex i 
not known
Number observed 14 39 4 14 73
Proportion (and 
number) with 
MUTUAL 
AVOIDANCE
0.29(4) 0.46(18) 0.50(2) 0.36(5) 0.44(32))
Proportion (and 
number) with 
APPROACH
0.71(10) 0,54(21) 0.50(2) 0.64(9) 0.56(41)
Proportion (and 
number) with 
agonistic 
behaviour
0.57(8) 0,15(6) 0  ( 0 ) 0.14(2) 0.23(17)
Proportion (and 
number) with 
agonistic 
behaviour, but 
with CHASE 
excluded
0.50(7) 0.05(2) 0  (0 ) 0  (0 ) 0.07(5)
Comparison of 
aH encounters 
with/ without 
observed 
agonistic 
behaviour
2  *--------- - ------ *Y, = 25.2, df = 1
p< 0 . 0 0 1
2  '--------------------------
i .  = 3.5, df = 1
p< 0 . 1 0
2  *--------------------------^  = 9.2, df = 1
pC 0 . 0 1
Other comparisons be'
,
1
1 1 
1
. ............... 1
tween groups a ll non-significant.
Comparison of 
only those 
encounters with 
an APPROACH 
with/ without 
agonistic 
behaviour
p i-----------------4 i
i ,  = 1 2 . 1 , df = 1  1 
P< 0 . 0 0 1  ' I ■ 1
i ?  = 3.5 , df» 1 1 
p<OJO
2  '----------------------------------------------- 1
)(, = 9.8 , df = 1
p<0 . 0 1
Other comparisons between groups a ll non-significant.
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Tables 3.S(i), (Ix) and (iii) show the following:-
(1) Oveit aggressive behaviour was rarely observed at any of the bait 
points, the majority of interactions being completely peaceful. These 
peaceful Interactions were of two sorts:- (a) those where an APPROACH 
was made, and tlie animals came within approximately IScms of each 
oilier, and (b) those where the animals v/ere aware of each other, but 
there was hlUTUAL AVOIDANCE. hlUTUAL AVOIDiMîCE occurred
in 40 out of the 98 interactions observed.
( 2 ) The difference between tlie frequencies at vvMch interactions were 
observed in tlie two enclosures was not marked (approximately one 
every 11 minutes in tlie left enclo.sure, one in every 13 minutes in the 
right enclosure) * Interactions were observed on average approximately 
once every 20 minutes at OaMiold.
(3) By far the commonest component of aggressive beliaviour 
observed in the field was ClhVSB (and hence also FLE E ), Those 
components most commonly observed in high level aggressive 
interactions in the laboratory arena (that is îvîüTUAL U1 RIGHT,
V REST LB, DOMMATE)were net observed at a ll in tlie field.
(4) It has already been said (Chapter 2) that BAL^wlien observed 
in the laboratory arena, occurred, in males, during the periods of 
high levels of agonistic behaviour; it can be seen from Table 3.3(1) 
that S4UBAL was very frei-iuently heard in the left enclosure (on 
average approximately once eveiy 5| minutes), much less frequently 
in the right enclosure (approximately once every 39 minutes) and not 
at a ll at Oalificld.
( 5 )  Table 3 .3 (ii) shows that only two encounters between two adult 
males were observed; in both, and APPROACH was made, and in both, 
aggressive beliaviour (not C H I SB) was observed.
( 6 ) Table S.S(iii) shows that when the interactions of each age or sex 
class are considered irrespective of opponent, it is amongst the adult 
males tliat aggressive behaviour is most evident. The differences in
the proportions of interactions witli MUTUAL AVOIDANCE and APPROACH 
between the different ai?e and sex classes are net significant.
I3(.
3 . 4 . DISCUSSION
The results liave shown tliat no encounters involving castrates 
were observed in the right enclosure; it is obviously not therefore 
possible to draw any conclusions about the behaviour of tlie 
castrated males in the enclosures from the present study. It w ill be 
shown however, (in Chapter 4), that at tlie same time as this field 
beliaviour study was being conducted, adult intact males in the 
enclosures v/cre significantly more wounded than castrated or 
immature males, and a ll females; it tlierefore seems reasonable to 
assume tliat the low levels of aggression observed in laboratory arena 
tests in the castrated males from the right enclosure, compared with 
the levels observed in intact adults from the left, (see Section 2.3.3(a)) 
were operating during tlie period of field observations described here. 
The relatively small numbers of Interactions observed, and the 
difficulty in identifying sex and age of participants, mean that detailed 
conclusions about the differences in tlie incidence cf behavioural 
components between the different age and sex classes cannot be drawn. 
The results suggest however, that, in agreement with the Lb oratory 
study of male behaviour, it is the adult males who indulge in more 
aggressive behaviour tlian immature males or adult and miniature 
females. These differences are exhibited when, as in the laboratory 
study, either a ll encounters were considered cr only those in wMch 
an AFITlOACil was made (Table 3 .3 (iii)). In spite of the fact that the 
results of the field study appeared to parallel those of the laboratory 
study Yvitli respect to t!ie general levels of aggressive behaviour of 
different age and sex classes, and with respect to the form of tiie 
beLivioural components observed, it was very scon noticed tliat as a 
result of the lack of confinement of field interactions compared with 
laboratory interactions, individual encounters observ''cd in the field 
were not the same as those observed in the laboratory. This is 
exemplified by the need to create a new behavioural category for the 
field study, LIUTUAL AVOIDANCE; S9% of the interactions observed 
in the field contained tliis beliaviour. The essential difference v/as, 
of course, the fact tliat animals in a laboratory arena could not get 
more tlian about 25cnis away from each other. There was absolutely 
no possibility of escape in the arena, whereas, in the field^hîUTUAL
(3L
AVOIDANCE, following long range an dial or visual detection of 
another animal, was easy. It would appear tliat, in the field 
situation under observation, I\ÎUTüAL AVOIDANCE functioned as a 
method of avoiding higlily aggressive encounters, so tliat as a result 
of the physical differences between the laboratory arena and the bait 
point, much less aggressive beliaviour was observed at the latter.
The fact that, of tlie beliavioural components considered to be 
most highly aggressive in the laboratory (f.IUTUAL UPRIGHT, 
WRESTLE, CHASE, DOMINATE), CHASE was observed frequently 
(in 14T of a ll interactions observed, in 24^ /1 of encounters in which an 
APPROACH occurred, and in 6 IP  of encounters containing any 
agtinistic elements), and the other three not at all, also pointed to the 
marked difference observed between laboratory and field interactions. 
It would appear that CHASE, when observed in the field, represented 
a lower level of aggressive interaction tlian when observed in the 
laboratory’- arena where it was very rarely observed, where a flight 
reaction leading to effective escape was not possible, and where it 
represented an extremely high level of aggression.
It w ill be shown (Chapter 4) tliat, in field populations during the 
breeding season of 1976, adult males showed significantly higher 
levels of fresh wounds than did immature males, adult females or 
immature females; in the enclosures, adult males were more wounded 
than castrated and immature males and adult and Immature females. 
Commonly, more than 50v of adult males had fresh wounds at any one 
tim e. In a ll these cases, it is not Imown who inflicted the wounds; 
the results of many behavioural studies on mice and voles on both 
aggressive and sexual behaviour (see Elefthcriou and Sprott, 1975 
for a review), suggest however, that the wounds found on adult males 
are inflicted chiefly by other adult males. Since no fighting was 
observed at the bait point, because avoidance or escape v/ere possible, 
it would seem likely that the wounds were inflicted either during the 
many CHASE-FLEE interactions observed, or where an escape from  
an attacker v/as not easy, for instance down the burrows. Several 
authors have noted that cliasing mice commonly bite at the rump of 
a fleeing mouse, and tliat a cornered animal w ill often turn and bite 
at an attacker; these retaliations and flights are often accompanied
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by squealing by the subordinate animal {e.g.Clarke, 1955;
Crov/crcft, 1956; Lloyd and Claristian, 1967); tins last parallels 
the association between SQUEAL and high levels cf aggression 
observed in the laboratory arena (Chajiter 2 ). The results have 
shown tliat SQUEAL was most frequently heard in the left 
enclosure containing the adult males, whose wounding record has 
shown to have been fighting the most. Clearly, since the animals 
doing the squealing were rarely observed, it is not possible to draw 
any firm  conclusions about the interactions that gave rise to them; 
if  however, many of the interactions involved animals other than 
adult males, higher levels of wounding might hive been expected 
in the other classes than v/ere observed. It would seem 
reasonable therefore, to assume that a majority cf them involved 
at least one adult m ile . The second explanation for the existence 
of wounding is that they w ere sustained in encounters where 
avoidance or flight were thwarted, for instance clovm burrows.
This also seems a reasonable proposition and, i i  it is the case, 
it suggests a situation which the laboratory arena-testing experiments 
are able to mimic far better tlian they do the interactions at the 
bait point.
The fact that female behaviour, and its role in vole 
population dynamics, has received almost no attention, and tlie 
reasons for this neglect, have been discussed in Chapter 2 . That 
female rodents are much less aggressive tiia ; males is well knovn 
(see Beach, 1848), and the results cf the present study corroborate 
th is. It can be seen from Table 3.2(U) that female voles, both 
adult and immature, v/ere observed to indulge in  very little  
aggressive behaviour; the fact that even a little v/as observed 
however, means that female behaviour in the field warrants further 
study.
binonclusion, the present study demonstrated marked differences 
between the content of aggressive interactions observed at a field
b a it po in t and those observed in  a la b o ra to ry  arena; in d iv id u a l 
com ponents o f behav iour w ere  not d iffe re n t, bu t, w hereas c lo se - 
q u a rte r b e h av io u ra l com ponents in e v ita b ly  p redom ina ted  in  the  
la b o ra to ry  a rena , m any lo n g -d is tan ce  in te ra c tio n s  w ere  observed 
a t the  b a it p o in t. H ow ever, the  h igh inc idence o f wounding o f 
a d u lt m a le  vo les  in  the f ie ld  c o n firm s  t lie  inc idence o f c lo s e - 
q u a rte r in te ra c tio n s , w h ich  a re  p robab ly  equiva lent in  content 
to  the  in te ra c tio n s  observed in  the la b o ra to ry  a re na .
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4 . 1 . C'TTRCDUCTIOÎT
This ciîar-ter describes a study of the role of male aggressive
beliaviour in mediating demographic variables in communities of
2
bank voles enclosed in tv/o large (ISOnA) outdoor enclosures. Full 
details of the etudy are given in tlic Methods section of this cliapter 
(4 .2 . below); briefly, the broad aim of a series cf experiments 
conducted in the enclosures v/as to manipulate overall levels cf 
aggressive beliaviour in a population established in one enclosure 
(*the experimental enclosure*) with respect to a population of the same 
sex- and weight - istructur e established in the other enclosure (*the 
control enclosure*) and to investigate the demographic consequences.
It has been shown (Chapter 2 ) tlict, in Lb oratory arena tests, 
castrated male bank voles v/ere significantly less aggressive tlian 
adult males. The artific ia l difference in levels of aggressive 
behaviour between the tv/o enclosures v/as therefore achieved by 
castrating a large proportion of the adult males prior to introduction 
into the experimental enclosure; none cf the males in the control 
enclosure were castrated. The subsecpient fats of eoch piopulation 
was determined by live trapping.
The role of intrinsic factors, .mediated by social behaviour, in 
the control of tlie demography of rodent populations has been reviewed 
in Chapter 1; these factors must ultimately cause changes in one or 
more of the four processes cf birth, death, immigration and 
emigration. In particular, the importance of the role of dispersal 
(emigration) from unenclosed populations has been discussed. It has, 
however, been a common ploy to eliminate the processes of 
immigration and emigration by using either naturally or artific ially  
enclosed groups of animals, and to concentrate on the birth and 
death processes. The results of thwarting emigration can be 
demograpliically spectacular, as has been described in Cliapter 1 •
In particular, as a result of frustrated dispersal, the densities 
observed in enclosed populations of both voles and mice liave been 
consistently much liigher tivan those observed in the field, (e .g .
Clarke, 1055; Louch, 1056; Crowcroft and Rowe, 1357; Van 
V/ljngaarden, 1930; ICreba et al, 1969; Lldicker, 1976). The
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question then arises as to v/hether results obtained from studies of 
enclosed postulations at artificially high densities have any relevance 
to the processes of population regulation operating in natural 
populations. This question is discussed in Cliapter 5 .
hi est of the studies on rodents described in Chapter 1 consisted 
solely of introducing founder animals into on e or more enclosures, 
and following the fate of the resultant population(s) (e.g.Erown,
1953; Southwick, 1955(a); Lidickcr, 1965, 197G amongst others).
In sonic, an attempt was made to manipulate the po[dilations or their 
surroundings (e.g.Crowcroft and Rowe, 19G3; Petrusewicz, 1957, 
1963). in very few studies however, has an attempt been made to 
manipulate the behaviour cf individual animals with a view to 
determining tlie effect on po^mlation variables.
There are two major exceptions. Vessey (1937) administered 
the drug Chlorpromazine (a trenquilizer), mixed with food, to 
laboratory populations of mice which liad reached an as;;mptote in 
total numbers^as a rc^jult of reproductive inliibition of adult females 
and infant mortality. There was a marked decrease in aggressive 
behaviour, and population growth was renewed as a result of increased 
infant survival. Removal of the drug caused a rise in aggression and 
a declie in numbers due to renewed infant m ortality. Mortality of 
adults did not vary significantly v/ith population size, nor was it 
affected by the administration or removal of the drug. Reproduction 
in the original populations, before the adminhrtratiorx of the drug, 
had almost ceased; the effect of the drug was to a Row the few young 
being bom to survive better, but it had no apparent effect on renewing 
breeding in the reproductively inhibited adult females; Vessey 
suggested that this might have been because the drug was 
administered for a relatively short time, and that, had it been 
continued for several months, reproduction might have been resumed, 
île  also suggested tiiat the two mechanisms (of infant mortality and 
reproductive inliibition) might operate sequentiaRy, with tlie increase 
la infant mortaRty being the one more sensitive to aggressive 
behaviour.
The second major example of an indirect attempt at
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experimental manipulation of behaviour is the study by Gaines et a l 
(1971) in which populations of hlicrotus ochrogaster were 
established in three, two-acre field enclosures; each cf tlie founding 
populations was composed of 2 Q voles, a ll of one genotype 
(determined from gel electrophoresis of marker genes in plasma), 
and each introduction was replicated three times, once into each 
enclosure. Previous work (Tamarin and Hrebs, 1068; Gaines and 
ICrebs, 1971) had shown tliat frequencies of these tliree genotypes 
were related to the phase of the population cycle of this vole, and 
that levels of aggressive beliaviour were also lini/ed to population 
pliase (ICrebs, 1970). Attempts to discover the linlv, if  any, between 
genotype and aggressive behaviour in voles have not, however, been 
successful, (ICrebs, 1970), although Lagerspetz (1804) has shown 
that it is possible to select aggressive and non-aggressive strains 
of male laboratory mice within two generations, indicating that, in 
mice, aggressive beliaviour is at least in part under genetic control. 
The central tenet of Cliitty*s behavioural-genetic h^qiotliesis for 
control of population cycles in Microtine rodents (summarised in 
Chapter 1, fig . 1 .1 .) is that animals from different pliascs of the 
cycle are different, genetically and behaviourally. Gaines and his 
colleagues hoped, tlierefore, tliat populations of different genotypes 
introduced into the enclosures would exliibit different rates of 
population growth, as a result of their different genetic and 
behavioural make-up. Tliis, unfortunately, proved not to be the case; 
there were no statistical differences between tlie populations la the 
rate of population increase, the percentage of lactating females, an 
index of recruitment, or survival rates. Particular genot3 q>es did, 
however, appear to be selected against. This experiment failed 
either because an anim al‘s genotype and those behavioural components 
which are concerned with the control of population variables are not 
linked, or. If they are linked, because those behavioural components 
are unimportant during tlie pîiase of population growth in enclosures. 
Because of this uncertainty, the experiment failed to confirm either 
the theory that social behaviour is Involved in vole population 
processes, or the more specific behavioural-genetic hyqwthesls of 
Chitty.
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In addition to these two major efforts to modify beliaviour and 
to determine its ecological consequences, attempts rather akin to 
behavioural manipulation have been made with vole populations ca 
several occasions; these have involved the selective removal of 
individuals from populations. ( Houlihan, 1908; ICrebs, 19G8; Smyth, 
19C0; ICrebs et a1, 1909; \i<atto, 1970). Some of these studies have 
involved the selective removal of adult males, and so bear a direct 
comparison with the present study, where the aggressive beliaviour 
of most of tlie adult males in the experimental enclosure v/as 
depressed by castrating them, but the animals tliemselves v/ere still 
physically present. Unfortunately, the experiments of Krebs (1966) 
raid Smyth (1963) were carried cut on unenclosed study areas in more 
or less continuous habitat, and extensive induced immigration from
the surrounding uncropped population compensated for tlie removal.
2However, in 120ft" outdoor enclosures, Houlihan (1933) maintained 
a control population of Microtus californicus at around 2 0  individuals 
by monthly cropping, whilst allowing an c/porimental population to 
grov/ freely. The proportion of females either lactating, pregnant or 
in breeding condition was consistently higher in the control pen than 
in the experimental. However, there v/as a temporary severe food 
and cover shortage half way through the experiment, following 
decimation of the natural vegetation by the voles, and even though 
food v/as then provided in excess, there was a subsequent population 
*crasli* in the experimental control enclosure, which was associated 
with marked behavioural and physiological changes. Unfortunately, 
these problems mean that comparisons of Houliiian’s results with 
those of the present study are not really possible.
Krebs et al (1933) cropped one third to one lialf of a ll adults 
from populations of Microtus ochrogaster and IvXlcrotus pcnnsylvanicus 
in 0.8ha enclosures, in an attempt to test the suggestion of Chitty 
(1960) that a cropped population should remain in the increase phase 
of the normal regular 3 - 4  cycles exhibited by these voles. The 
result of cropping was an increased rate cf population growth for 
both species, significantly higher than the growth rate exhibited in 
an unenclosed, uncropped control area, and high enough to 
compensate for the removals. At the same time, an uncropped
li-o .
enclosed popu la tion , no t g iven snpp lem entar3'' food, ro se  to  v e ry  
h igh  le v e ls , re s u lt in g  in  ove rg ra z in g  and a re /m lta n t sha rp  dec line  
in  num be rs ; t l i is  dec line  m eant t l ia t  de ta iled  com parison  between 
th is  URcroppcd, enclosed popula tion and the  cropped enclosed 
popu la tion  was not re a lly  poss ib le ; both how ever showed the v e ry  
h igh  in i t ia l  ra te s  o f popula tion in c re ase  com m on ly  associa ted  w ith  
ne w ly  enclosed p)o%iulations, and both reached the v e ry  h igh de n s itie s , 
re la t iv e  to  unenclosed popu la tions, associa ted w ith  fru s tra te d  
d is p e rs a l. C ropp ing  one enclosed popula tion appeared to  p ro long  the  
inc re a se  phase and avo id  the  m o r ta lity ,  associa ted w ith  o v e rg ra z in g , 
th a t was observed in  the  e th e r uncropped popu la tion . T liu s , these 
expe rim e n ts  dem onstra ted th a t, in  la rg e  f ie ld  enc losures , the  presence 
o f adu lt a n im a ls  was a lone s u ff ic ie n t to  depress the popu la tion  g ro w th  
ra te , end th e  data presented suggest t l ia t  t l i is  was due to  enlianced 
s u rv iv a l o f ju v e n ile  a n im a ls  in  the cropped po |X ila tion . H ow ever, 
s ince  both m a le  and fem a le  adu lts  w e re  cropped, i t  is  no t poss ib le  
to  say w dictlie r e ith e r o r  bo th  sexes w ere  lia v ing  t lie  s ig n if ic a n t e ffe c t.
A final example of cropping a vole population is that cf Watts 
(1970) and is  of particular interest because the species used was the 
North American red-backed vole Clethrienemys rapperi, which is 
both ecologically and structurally very sim ilar to Clathrionorays 
glare plus (Corbet, lOGC) and because the cropping programme 
involved the removal of adult males only. Watts* study area was a 
strip of forest 2400m long and CO-CGm wide bounded on its two long 
sides by unsuitable red-backed vole habitat. He removed adult males 
from half of each of the four G0 0 m x  5 0-03m quarters of his whole 
study area, thereby replicating tlie esiperinient four tim es. The 
object v/as to test the hypothesis tliat dominant adult male voles 
killed or drove out juveniles during the breeding season (Cliitty and 
Phipps, 1953; Watts, ICGO). Although the minimum numbers known 
to be present was greater, when compared with tlie control areas, in 
three cut cf the four areas from which adult males had been removed. 
Watts attributed this not to tlie increased reproduction or decreased 
mortality, as a result of the absence of the dominant males on the 
experimental areas, but to the fact tliat young animals entered the 
traps sooner in life on the experimental areas, because the presence
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o f the  uncropped dom inant m a les  on t l ie  c o n tro l a reas  v/as in h ib it in g  
th e  in i t ia l  cap tu re  o f t l ie  3^oung a n im a ls . T h is  in te rp re ta t io n , based 
on a n a lys is  o f the  popula tions w e ig h t-s tru c tu re s , showed th a t, 
a ltliough  ju ve n ile s  appeared to  be absent on the  c o n tro l a reas , t lie  
num bers  o f sub -adu lts  subs ecu ont I)'" caught was no t d iffe re n t between 
the  tv/o a re as ; s ince t l ie re  was v e iy  l i t t le  detected m ovem ent between 
the  a re a s , the  young a n im a ls  m us t liave  been t l ie re  on the c o n tro l 
a reas  a l l  the  t im e , but v/ere Just no t be ing cau gh t. A  s im p le  m odel, 
in  w h ich  GOA o f the  Juveniles evaded cap tu re  on the f i r s t  occasion 
th a t t lie y  v /ere la rg e  enough to  have en tered the  tra p s , was s u ff ic ie n t 
to  m im ic  the  re s u lts  obtained in  the  f ie ld .  T h is  re s u lt  is  c le a r ly  
im p o rta n t fo r  a l l  s tud ies o f t l ie  ro le  o f so c ia l b e lia v io u r in  the 
popu la tion  dynam ics o f roden ts  w liich  use l iv e  tra p p in g  techn iques, 
and w i l l  be d iscussed, in  l ig h t o f the  re s u lts  o f t lie  p resen t s tudy, in  
sections 4 .3 .4  .( f)  and 4 . 4 .  b e lo w .
In  conc lus ion , a ltiiough  p rev iou s  a ttem p ts  have been m ade to  
a ffe c t roden t population dynam ics by  exp e rim e n ta l m a n ip u L tio n , these 
have m o s tly  been unsuccess fu l, fo r  a variety'- o f rea so n s . Vesscy*s 
(1967) study was the on ly one in  w liic h  e xp e rim e n ta l m a n ipu L ition  o f 
the  b e lia v io u r o f in d iv id u a ls  re s u lte d  in  m easurab le  changes in  
dem ographic v a r ia b le s .
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4 . 2 . METHODS
4 .2 .1. Construction of Enclosures.
During the course cf this study, the enclosures used had to be 
extensively mcdilled as a result of loss of voles from, and transfers 
between the two enclosures, and as a result cf Immigration of Brown 
Bats, Battus norvégien s. Hates 4 . 2 .1(1) and (ii) show the enclosures 
at the end of the study in November 1976, by which time the 
modifications necessary to remedy a ll these defects had been carried 
out. These modifications w ill not be describedln detail, but 
presented In a series cf figures with footnotes.
Figure 4 .2 ,l ( i )  gives a plan showing original dimensions and 
areas, and a section tlirough the enclosure wail showing the original 
construction is given in F ig .4.2.1(11).
F ig . 4.2 .1(111) show s a section through the wall following the 
firs t modifications, necessitated by mass escape of experimental 
animals through newlj»- dug mole runs extending under the walls and 
by Immigration. »of non-experimental animals in Februarjq 1974, and 
Fig . 4 .2 .1 (iv ) show's a plan of the enclosures following these 
modifications, which were carried evt in Iday-June, 1974.
Following immigration of rats into tlie enclosures in January, 
1975, the further modifications shown in F ig . 4 .2.1(v) were made.
A side elevation of the same modifications is given in F ig .4 .2 .l(v i)  
(See also Piste 4.2.1(1)). The aim of this modification was to prevent 
immigratioa of rats over the overhang and through the original 1 | ’* 
mesh; following the modification, tlie rat now liad to climb the fine 
D' mesh after jumping up the original galvanised w all, and tlien 
found a foot of vertical galvanised sheet to negotiate.
In Juljq 1975, a pair of rats burrow ed down tlirough the gravel 
between the plastic sheeting and the original galvanised wall, and so 
into the right enclosure. In November 1975, therefore, this gravel 
round the perimeter was covered to a depth cf tw o inches with 
concrete. (See F ig .4 .2.1 (vii) and plate 4 .2 .1  ( i) ) . Following some 
transfers of experimental animals betv/eon the enclosures in June, 
197G, the gravel between the galvanised and phi otic sheeting of the 
central %:artition between the tv/o enclosures was also concreted over •
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Fig. 4.2.1.(ii) Enclosure wall (section)
original construction, October, 1973.
I • -
Supporting wire 
1§"(3.81cm)nylon net
1§”(3,81cm)galtanised 
wire net
l§"(3.81cm)supporting 
post
Overhang of 
galvanised sheet
APPROX, 1ft. (0.30n)
Galvanised sheet 
1’* (2.54cm) gravel
OUTSIDE INSIDE
Notes :
1. Supporting posts set every 8feet(2.44m) round perimeter 
(See fig. 4.2.1.(i)),
2. Galvanised sheets 8 feet long(2.44m), 4feet wide(1.22m);
1 foot(0.30m) overhang, 2 feet(O.60m) above ground, 1 foot
(0.30m) below ground,
3. Nylon net to exclude avian predators (owls etc.).
Galvanised net to exclude terrestrial predators (cats etc.).
Galvanised sheet to prevent escape of experimental animals
and to exclude immigrants.
Gravel to discourage tunnelling around enclosure edges.
4. See text for details.
14-6.
Fig. 4.2.1.(iii) Enclosure wall (section), including
modifications. May-June, 1974.
11 
II 
II 
II
APPROX 1 foot (0.30m)
New l"(2.54cm) 
gravel. ^ —
New corrugated 
plastic sheel__
New trench 
(approx 4 ftr 
(1.22m) deep)
INSIDEOUTSIDE
original
construction
Notes :
1. 4 foot(1.22m) trench dug using Davis TF700 trench digger.
2. Corrugated plastic sheet 4 feet(1.22m) below ground,
1 foot above.
3. Same modification carried out on central partition dividing 
the two enclosures.
4. See text for details.
(4-7.
Fig. 4.2.1.(iv) Enclosure (plan), including modifications 
May - June, 1974.
Original
galvanised
•sheets
<5 New plastic
sheets
Notes !
1. Dimensions as for Fig. 4.2.1.(i)
2. See also Fig. 4.2.1.(ii),
3. See text for details.
I t s .
Fig. 4.2,1.(v) Enclosure wall (section), including
modifications, February, 1975.
OUTSIDE
Original 1^"(3.81cm) 
galvanised wire net.
New 8 *xl *(2.44x0.3Gra) 
galvanised sheet.
APPROX 1 foot(0.30m) 'i;
New 1.27cm) 
galvanised wire net.
Overhang
Original galvanised 
sheet walls.
INSIDE
Corrugated plastic
Notes Î
See also Fig. 4.2.1.(v) and 
plates 4.2.1.(i) and (ii). 
See text for details.
K9.
Fig. 4.2.1.(vi) Enclosure wall (side elevation), including 
modifications, February, 1975, viewed from outside.
X
APPROX lft.’(0,30ra)
%
Original 
galvanised 
sheet walls
II Level of gravel 
11 between galvanised 
'[ wall and plastic 
sheet.
Notes Î
A = Original 1&"(3.81cm) galvanised wire net 
B = New (1,27cm) galvanised wire net
C ^ New 8*xl*(2,44x0.30m) galvanised sheet 
See text for details
See also Fig, 4.2.1.(v) and Plates 4.2.1.(i) and (ii)
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Fig. 4.2.1.(vii) Enclosure wa.ll (section) including
modifications, November, 1975
M 
11 
11 
11
APPROX 1ft.(0.30m)
Original
construction
New 2"(5.08cm) 
concrete —
OUTSIDE INSIDE
Notes :
1. New concrete to prevent burrowing by rats into > 
the enclosures along arrowed path.
2. See text for details.
IS).
4 ,2 .2 . In trockictton of Rnlmal.g into the enclosures.
Animals for introduction into the e::perimerital enclosures 
were captured from various sites in the Crown Estates near V. indsor, 
Berkshire, from the grounds of the Forestry Commission Besearch 
Station at Alice Holt, near Farniiarn, Surrey or from the grounds of 
Royal Holloway College, L'ghani, Surrey. If  animals from more than 
one source were used in any introduction into the enclosures, care 
was taken to partition animals from each source e.^ually into each 
half, to ensure tliat the genetic composition of the tv. o starting 
populations was not artificially made different. sim ilarly, the sex 
ratio and weight distribution of the two starting populations was made 
as sim ilar as possible. Table 4 .2.2(1) gives a summary of the 
experimental Introductions of tiie animals into the enclosures. After 
capture from the field, animals were housed individually before 
release. Castration and sham operations were carried out as 
described in Chapter 2, Section 2 .2 .1 .
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4 . 2 . 3 . Supp lem entary food and w a te r .
F ig s .  4 .2 .3 (1 ) and (11) show plans of both le f t  and r ig h t 
enc losu res , g iv in g  the  pos itions  o f nest boxes and feed ing s ite s . 
Food (D ixons D ie t 83) was p rov ided  a t the po in ts  shown in  em pty 
w ine  b o ttle s  w ith  the top  1-2 inches of the neck rem oved, ly in g  on 
th e ir  s id e s . D u rin g  d ry  pe riod s , w a te r was p rov ided  d a ily  e ith e r  
In  s lia llo w  a lu m in iu m  tre y s  o r  by tlio ro u g h ly  s p ra y -w e ttin g  the 
vegeta tion  in  both e n c lo su re s .
IS f.
Fig. 4.2.3.(i) Left enclosure (plan)
Key: -
□
Trapping point
Nest box/Feeding site
_J L
APPROX. Ira,
I5’5.
Fig. 4.2.3.(ii) Right enclosure (plan)
Key: -
E! = Trapping point 
n  = Nest box/Feeding site
APPRQC* Im,
I5G.
Trar>pm<T.
4 .2 .4 (g ). Trap layout.
The layou t o f tra p p in g  po in ts  is  shovvn fo r  each enc losure  in  
f ig s *  4 .2 .S ( i)  and ( i i ) *  T ra p s  w ere  placed w ith in  a p p ro x im a te ly  one 
m e tre  o f each tra p p in g  po in t, w ith  enough tra p s  at a po in t to  ensure 
th a t on ly  about h a lf  the  tra p s  set w e re  f u l l .  T h is  reached a m ax im um  
d u rin g  experim en t ENCL* 4 , when th re e  tra p s  w e re  set p e r p o in t.
E ach enc losure  was trapped  us ing  Longw orth  tra p s , w ithou t 
p re -b a it in g , fo r  tw o  n ig h ts  in  a lte rn a te  w eeks. T ra p s  w ere  le f t  in  
the  enclosures pe rm a nen tly , locked  open, when no t in  u se .
T ra p s  w e re  set in  the  a fte rnoon , checked and re s e t the  fo llo w in g  
m o rn in g  and a fte rnoon , and checked and locked open the th ir d  
m o rn in g . D u rin g  h o t w ea ther, tra p s  w ere  set to  ca tch  ove rn ig h t 
on ly , to  p reven t t ra p  deatlis  due to  o ve rhe a ting .
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4.2 .4(b), Ihforrnatîon collected on the trap round.
AH animals released into the enclosures were given individual 
numbers by toe-clipping before release, and a ll animals caught for 
the first time within the enclosures (i.e .b o m  there) were also toe- 
clipped. If a female had a litter inside a trap, the size cf her litter 
was noted. The young tlien had their ta il tips clipped, (see also 
Section 4 .2.5(c) below), both mother and litte r v/ere returned to the 
trap, and the door was propped open; the female usually removed 
her litte r within a few minutes.
The following data were collected from each animal caught;- 
X * Position of capture (see F igs.4 .2  .S(i) and (ii)).
2. Weight in grams•
3, Sex (cf, 9  , or castrated c? ),
4 • The presence if  any, of new wounds. The face, ta il and lower 
abdomen were particularly carefully scrutinized for fresh wounding; 
only new wounds were scored, old scars were disregarded.
5. Breeding condition.
Males: The position of the testes was noted, and scored as scrotal, 
pushable into tlie scrotal sac by gentle pressure on the ventral 
abdomen^or abdominal. A subjective assessment was also made of 
the testis size, and the testes classed as small ( approx, |cm  in 
length), medium { approx. -J-lcm), or large (1cm), A ll males with 
medium or large testes were classed as being in breeding condition. 
Females; Vagina; perforate or imperforate. Pregnancy was 
diagnosed in the field by enlargement of tlie abdomen, or the presence 
of blood or mucus in tlie vagina. Increase in weight corroborated 
these two other diagnostic features. The presence of vaginal plugs 
was also noted. Lactation was diagnosed by study of tiie mammary 
glands (whether or not they were engorged with milk) and the nipples 
(whether or not they were hairless or enlarged tlirough suckling). 
Females were defined as being in breodmg condition if  they were 
either pregnant or lactating, or the vagina was perforate.
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4 .2 .4(c). Analysis of trapping data.
The trapping data were analysed using the Calendar cf Captures 
method (Petrusewicz and Andrzejewsld, 1SG2).
For each enclosure and each age and sex class, minimum 
numbers present, the proportion of animals in breeding condition, 
the number of pregnancies observed, end recruitment into, and 
losses from, the trappable population, were estimated directly 
from the calendar cf captures,and the results for the two enclosures 
compared.
A ll these comparisons were made to test the hypothesis that 
different social conditions in each enclosure would lead to 
differences in tlie population dynamics between the communities of 
voles in each enclosure.
Despite the enormous efforts put Into increasing the reliability  
and accuracy of methods for estimating the numbers of cmaU 
mammal populations (see Smith et al, 1275 for a review), Krebs 
(1366) has demonstrated end discussed at length the inapplicability 
of mark-recapture techniques for estimating small mammal 
populations, and he subsequently used direct enumeration metliods. 
Enumeration of enclosed populations is clearly much easier and 
more efficient than enumeration of unenclosed populations, since in 
the former, immigration raid emigration are eliminated, and the only 
processes affecting the population size are births and deaths.
Also calculated direct from the calendar cf captures was the 
proportion of cacli age and sex class exMbiting fresh wounds at each 
trapping session; this calculation was done to determine directly 
whether there was any difference in the levels of fighting occurring 
in the two enclosures, and to determine which age and seii classes 
were indulging in close-quarters aggressive encounters.
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From the raw trapping data, two farther variables, linked to 
the social organisation within the enclosures, were calculated.
These were the distances between captures for each age and sex 
class, and the trap revealed home range.
The inadequacy of live-trappihg tocimi'iues for obtaining 
information on movements and home ranges of small mammals has 
long been recognised (Jewell, 1963; Randolph, 1976). F irstly , once 
caught, the animal is immobilised and it can only reveal one point 
within its horns range on each trapping occasion. Secondly, 
different ago and sex classes have been shown to react differently 
to traps (Xild'iavva, 13G4; Tant on, 1966; Brown, 1965). Other factors 
such as trap spacing, size of trapping area, and tlie number of times 
an individual is captured have also been shown to affect movement and 
home range calculations (see Kiklcawa, 1964; and Sanderson, 1966 
for reviews^. As an alternative, several tracking tecîiniques have 
been developed (e.g . Justice, 1961; Adarnczyk and Ryszkowsid, 13GG; 
Ilandolph, 1973). in the present study, however, live-trapping was 
the only method available for following the populations in the enclosures, 
and collection cf data on movement and home ranges was of secondary 
importance to the collection of demographic data.
The distances between all the captures of a ll the individuals of 
each age and sex class v/ere compared with other age and sex classes 
using tlie Mann-E Mtney test (Siegel, 1955); a non-parametric test was 
used because it has been shown (Flowerdew, 1971) that the frequency 
distribution cf distances between captures is markedly skewed. This 
calculation was made to test the hypotliesis tliat the different social 
conditions in each enclosure would affect the freedom of movement 
of different groups of animal differently, witîiin end between enclosures. 
Obviously, the distance between captures is an extremely crude 
measure of this, and in the present study, because the traps were so 
close together, the distance between captures could have in no way 
represented the actual movement between the tw o captures; also the 
enclosures were small enough for a vole to cross in a very fev/
(Go.
minutes and were no longer than previously reported bank vole 
home range lengths (e.g.Zejda and Pclikan, 19GS: approximately 
20-40rn}. Because of these limitations, it was felt tliat any 
sopMsticated analysis cf distances between captures would have 
been inappropriate, and so only gross comparisons were made 
between a ll the distances between captures for each class and each 
other class, with complete disregard for the time interval between 
captures.
In the present study, the home range area was defined as the 
total area enclosed by the smallest convex polygon containing a ll 
the capture points to date, plus the area of a boundary strip 
around this polygon whose width was equal to half the distance 
between traps.
A great deal of effort loas been devoted to finding a method of 
estimating home range areas accurately and consistently from  
scarce data (Ua^ne, 104S; btickel, 1954; Callioun and Casby, 1958; 
hlasurhiewicz, 1008; Jcnnrich and Turner, 1969; w ierzbowslm, 
1972; Andrzejowski and hlazurldewicz, 1976; Ilandolph, 1977) é
In the present study, however, a relatively simple system of 
analysing the trapping results was used because of the very small 
trap-epacing and because of the confinement cf the enclosures; it 
was thoLi^ tliat, as outlined above in connection with the analysis 
of distance between captures, a compleii analysis would îiave been 
inappropriate.
The accumulation of home range area with successive captures 
was calculated for each animal (for a discussion cf this method see 
Andrzejewski and I.Iazurldewicz, 1976) and each age and sex class 
in the experimental enclosure compared, using tlie f  larui-V. hitney 
test ( iegel, 1D : G), v.dth the equivalent age and sex class in the 
control enclosure. This calculation was made to test tlie same 
hypothesis tested by the calculation of distances between captures, 
namely that the different social conditions in the two enclosures 
would affect the freedom of movement of equivalent groups in each 
enclosure differently.
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Finally from the trapping data, the mean weight at first 
capture of each sex in each enclosure was calculated to test the 
suggestion by Watts (1970) concerning the influence of adults on 
the trappability of juveniles, discussed in the Introduction to this 
Chapter (4 .1 . above).
4 .2 .5 . Nest boxes.
a) Nest boxes were provided at the points marked can Figs.
4 .2 .S (i) add (ii) .
b) The general design of the nest boxes is shown in F ig .4.2.5(1). 
The boa:es v/ere made cf wood, with a perspex lid . Each box was 
surrounded by bricks on three sides, with a tile  at on angle over the 
fourth to cover the entrance. A concrete slab rested on the three 
bricks and tlie box top. It was hoped that the animals v/culd use 
these boxes and that frequent inspection would reveal information 
about litte r sizes. However, they were used relatively little, 
probably because they tended to get rather damp during wet periods.
c) Periodic tours of the nest boxes were made. Litters found had 
their tail-tips clipped (toe-cHpping is not possible at this early age). 
Thus, any animal trapped for the first time with its ta il tip missing 
v/as Imown to liave been seen as a nestling. T a il-tip  clipping was 
also done to litters bom in Longworth traps.
'Q .
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4 . 3 .  REflJLTn
4 .3 .1 . Da-ppriment DNCL 1 .
22 males and 22 females were introduced into each enclosure 
in February, 1374, It very soon became clear that many animals 
were escaping, timt unmarked voles and mice were entering the 
enclosures, and that voles were transferring between the enclosures. 
The experiment was terminated in hlarch, 1374, any remaining 
voles were removed, and tlie modifications described in 4 .2 . above 
were carried out. No results v/ere obtained from this experiment.
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4 . 3 . 2 . Fxperim errt FN C L 2.
Ill July, 1374, 23 adult males were introduced into the left 
enclosure and 23 castrates were introduced into the right onelo.sure, 
with the intention cf determining if there were any differences in 
survival between the two types. In January, 1375 rats got into the 
left enclosure, and the experiment was terminated.
4 .S .2(a). FNCL, 2 -  Survival
The last trapping occasion before the rats got in was on the 
7th December, 1971. Table 4.3.2(1) shows the survival between 
July and December 1374; the difference between adults and 
castrates is net significant.
Table 4.3.2(1).
No. introduced Ishown survivors t o 5 .12.74
L enclosure , -p o oi
(adults)
K enclosure r... n .s .
(castrates)
Note: Five losses in L . enclosure include one trap death, not 
included in analysis of difference in survival between the 
two enclosures.
IG5.
4 . 3 . 3 . F Xpériment ENCL S.
Experîment ENCL 3 v/as started in April, 1973 with five 
intact males, ID castrated males and 19 females in the left 
enclosure and 34 intact males and 19 females in the right enclosure; 
trapping had been going on for twelve weeks when a pair of rats got 
into the right enclosure. Following this immigration and failure to 
catch the rats, numbers of voles in tlie right enclosure sharply 
declined, presumably killed by the rats, and the experiment was 
terminated in August, 1975. No useful results were obtained from  
tills experiment.
4 .3 .4 . Experiment ENGL 4 .
Experiment ENCL 4 was started in i ’ebruary 197G with five 
adult/males, 19- castrated males and adult females introduced 
into the right, experimental enclosure, and il4 adult intact males 
and jb  adult females introduced into the left, control enclosure. 
The experiment lasted 42 weeks, until the beginnmg of December, 
197G.
Presentation of the results of experiment ENCL 4 w ill be 
divided into the following parts:
(a) Estimated numbers of animals in each enclosure.
(b) Processes affecting the numbers of animals in each enclosure.
( i) Breeding condition .
{ ii) Births.
(Ui) Recruitment into the trappable population.
( iv) Losses .
(c) Wounding,
(d) Distances between captures.
(e) Trap revealed home-range areas.
(f) Weights at first capture.
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4 ,S .4(a) , The estimated numbers of animals in each enclosure.
The Initial numbers in the two enclosures in February, 197G, 
introduced at tiie start of experiment E.NCL 4, are showm in tlie 
methods section above, in Table 4 .2 .2(i) • Figure 4.3.4(1) shows 
the total numbers of animals in each enclosure between February 
and December, 1976.
It can be seen that the maximum number reached in the right 
enclosure (172) (initially containing five intact and castrated males 
and M  females) is greater than the maximum number reached in the 
left control enclosure (142) (initially containing ^  intact males, no 
castrates and So females). The difference approaches, but is not
fi'
significant ( 2 . 8 7 ,  df = 1, 0.10>p>0.05). If  however, each line 
on the graph of numbers against trapping week (F ig ,4 .3 .4(i)) is 
divided into two sections, the first corresponding to the period of 
increase in each enclosure, the second corresponding to the period 
of relative stability of numbers, it can be seen that the rates of 
increase in the two enclosures, (represented by the slopes cf the 
lines) are different, whereas the periods of increase were the same 
(approximately )>* weeks). The formulae for the regression lines of 
N (Total numbers) against T (Trapping week) for the two graphs of 
total numbers against trapping week between trapping weeks ? and 
23 inclusive are given on F ig .4 .3 .4 (i) as are values of r ,  the 
instantaneous rate of population growth per week for the same period. 
The slopes of the regression lines are significantly different,
(F ® 83.33, df 1, 15, p 0.001). In other words, the overall rate cf 
increase in total numbers in the right (experimental) enclosure was 
significantly higher than the overall rate of increase in tlie left 
(control) enclosure during the period of increase in both populations.
Figure 4 .3 .4{ii) shows the total numbers of adults and 
immatures of both sexes combhied in each enclosure between 
February and December, 1976. It can be seen that the major part 
of the difference between the numbers in each enclosure was the 
result of more immature animals entering the trappable population 
in the right, experimental enclosure, than the left, control enclosure. 
Loss of adult introduced animals was however, ratlier higher in the
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left enclosure tiaan the right, and this also contributed to the 
observed difference in absolute numbers.
Figure 4 .3 .4 (iii)  shows tlie numbers cf adults and Immatures 
of each sex in each enclosure between February and December, 
1976, and again U can be seen that the rate cf increase of numbers 
of both immature males and females in the right, experimental 
enclosure, v/as higher tlian the rate of increase of either Immature 
males or females in the left, control enclosure. The differences in 
final numbers between immature animals of es.ch sex have no 
obvious explanation.
Results concerning recruitment to and losses from the 
populations are presented in section 4.3.4(b) below.
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4 .3 .4(b)(1). Breeding condition of animals in the enclosures.
Figure 4.S .4(iv) shows the proportion of females caught at 
each trapping occasion in different age classes in breeding condition 
as defined in section 4 ,2 .4(b). It can be seen tliat in both enclosures, 
the proportion of adult introduced females in breeding condition started 
to markedly decline well before the end of the normal bank vole 
breeding season. At Cakfield (where part of tlie field study of 
behaviour was being carried cut), a ll females over 15g, and many 
less than 15g, were still in breeding condition at the time of the 
marked decline witliin the enclosures, and the usual seasonal 
decline in the proportion of females found in breeding condition did 
not start until around September/October. (T.D.Healing, personal 
c ommunic at ion).
Figure 4 .3 .4 (iv ) also shows the proportions of females bom  
in tlie two enclosures witli perforate vaginas (none of tlie females 
bom in either enclosure became pregnant). It can be seen that in 
both enclosures the numbers were extremely low.
Figure 4 .3 .4(v) sliows the breeding condition of the males in 
each enclosure. It can be seen that the proportion of adult males in 
breeding condition in the left enclosure declined steadily after the 
fend of July; this v/as roughly two months later than the start of the 
decline in breeding in the females, and, as in the case of the females^ 
earlier tlian the decline in the Calcfield population (T.D.Healing, 
personal communication). This difference between males and females 
in the enclosures may, however, be artificial; assessment of 
breeding conditions in tlie males was of necessity arbitrary and 
subjective (see metliods section, 4.2.4(b) above). Although this 
assessment, along witli body weight and general size, enabled 
animals to be classed in pre- or post-pubertal, it was almost 
certainly not sensitive enough to accurately detect cessation cf 
breeding in animals with regressing gonads, since the e:;act point at 
which such an animal becomes reproductively incapable is not known. 
F ig , 4 .3 .4 (v ) does show however, that a marked decline occurred 
in the proportion of adult males with medium or large testes; in 
many of the animals in the latter part of experiment ENCL 4 
(September 197G onwards) the testes were abdominal, and too small
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to  be detected at a ll  by palpation of the low er ventra l abdomen.
F igure  4 .3 .4 (v )  also shows the proporticai of adult m ales in the 
right enclosure, (containing in itia lly  five adult intact m ales, r i? 
castrated m ales and Oâ fem ales) which were in breeding condition; 
th is is  re a lly  only included fo r completeness, since the numbers 
caught w ere always very  sm a ll. No males born during experiment 
F N C L  4 in either enclosure was assessed as having medium sized 
testes, and so it  is concluded that none came into breeding condition.
Gross examination of tlie gonads of animals removed from  the 
enclosures at the end of experiment 4 corroborated the fie ld  evidence 
presented in fig s . 4 .3 .4 (i\^ an d  (v) ; a ll  females born in either 
enclosure had th read -like  u te ri, a l l  m ales born in either enclosure 
had very  sm all testes (none greater than approxim ately 3-4m m  in 
length). A l l  the adult fem ales which had been introduced into the 
enclosures in February 1976, and which w ere removed in Novem ber- 
Dee ember 1976, also had th read -like  u te r i. Adult m ales removed  
from  the le ft enclosure a ll had very  sm all, regressed testes, and 
none of the castrated m ales removed from  the right enclosure showed 
any evidence of testis -regeneration . It must however be rem em bered  
that these examinations were done in Decem ber 1973 and January 1977 
(a fter some of the animals had been used fo r behaviour testing, see 
Chapter 2), and also a fte r the end of the norm al breeding season of 
the bank vole; it  was therefore to be expected that the gonads of a l l  
the anim als would have tended to  regress into the non-breeding 
condition.
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4 .3 .4 (b )( Ii) . F ir th s .
F ro m  the calendar of captures of anim ale, using the c r ite r ia  
fo r detecting pregnancy described in Section 4 ,2 .4(b) above, it was 
possible to estimate the to ta l number of pregnancies in each enclosure. 
A  to ta l of 57 pregnancies were detected amongst the 20 females  
orig ina lly  introduced into the le ft enclosure (in which a l l  the m ales  
w ere intact), and 4G pregnancies amongst the 20 females orig inally  
introduced into the right enclosure (in which jr :  of the m ales were  
castrated). The mean number of pregnancies/fem ale was 2.85 'L- 
1.35  fo r the females introduced into the le ft enclosure, and 2 .30 I  
1 .63  fo r  the fem ales introduced into the right enclosure. Th is  
difference is not significant (t^„® 1 .1 1 , p > 0 ,lQ ), No pregnancies 
w ere detected in any of the fem ales bom  in either of the enclosures.
Th irteen  fresh ly  bora litte rs  w ere found in nest boxes or in 
traps in the two enclosures during experiment E N C L 4 , eight in the 
le ft enclosure, five  in the r ig h t. A fu rther eleven fem ales, caught 
in the w ild  at around the same tim e , subsequently gave b irth  in the 
laborato ry . The mean lit te r  sizes of these females are  summarised  
in  Table 4 . 3 . 4 ( i) .
Table  4 .3 .4 (1 ).
(a) Experim ent E N C L 4
(i) Left enclosure
(control)
( i i )  Right enclosure
(experim ental)
(b) F ie ld  caught females
L itte r  size mean SD Cample size
(a)(1), (a )(ii) and (b)
combined
0.25 1.23 8
3.80 2.17 5
3.45 0.93 11
3.40 1.32 24
The differences . in mean lit te r  size between the two enclosures, 
and between them and the fie ld  caught anim als, are  not significant.
\lio.
Recruitm ent into the trappable poralatîon.
F igure  4 .3 .4 (vl) shows,
(a) The numbers of anim als caught fo r the f irs t tim e at each 
trapping session in each enclosure.
(b) The accumulated numbers of anim als caught fo r the f irs t  tim e  
at each trapping session in each enclosure*
The numbers do not necessarily  represent the numbers of anim als  
born into the populations, since the Longivorth traps used cannot 
catch anim als weighing less than around 7-8g (the mean weight of 
anim als a t f irs t  capture in both enclosures combined was 13.78g t  
2 .5 6 , see 4 .3 .4 ( f )  below); results concerning m o rta lity  of the p ro - 
trappable population is presented in section 4 .S .4(b)(iv) and 
discussed in 4 .4 .  below.
The figure shows that tlie accumulated to ta l number of 
recru its  into tlie trappable population in the right enclosure was 
greater than the accumulated to ta l in  the left; these accumulated 
totals represent the numbers of enclosure-born anim als that would 
be present in each enclosure at any one tim e i f  no m o rta lity  of this  
group had occurred (see 4 .3 .4 (b )(iv ) below fo r details of m orta lity  
of tiio trappable population). Thus tlie slopes cf the in itia l parts of 
each curve represent the overa ll potential rates cf increase in  
numbers of enclosure-born, trappable anim als in each enclosure. 
The form ulae fo r the regression lines of AN  (accumulated numbers) 
on T  (Trapping v/eek) fo r the two graphs of accumulated numbers 
caught fo r the f irs t  tim e  against trapping week between trapping  
weeks S and 23 inclusive a re  given in  F ig .4 .S .4 (v i) .  The slopes 
a re  significantly different, (F  ® 24 .73 , df = 1 ,1 3 , p^O.OOl). In  
other words, significantly m ore young enclosure-born animals  
entered the trappable population in the experim ental enclosure 
than entered the trappable population in the control enclosure.
F igure  4 . 3 .4{v ii) shows the accumulated number of new 
anim als entering the trappable population at each trapping session, 
w ith each sex in each enclosure considered separately. It  can be 
seen that the elopes of tlie lines fo r both sexes in the experim ental 
enclosure a re  steeper tlian both the lines fo r both sexes in the 
control enclosure; the differences between the sexes has no obvious
177.
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explanation *
4 .3 ,4(b)(hr) . L o sse s .
Losses c f toe-^cllppecl a n im a ls .
Table 4 .3 .4 ( i i )  summarises a l l  losses of toe-clipped anim als  
fro m  the populations in the enclosures during experiment E N C L  4 .
It  can be seen that there  w ere m ore tra p  deaths tlian should have 
been acceptable; tlie study was ca rried  out during the summ er of 
1976, when very  hot weather and drought lasted several months* 
Although the trap  round was always done early  in the morning at 
th is  tim e , before the ambient tem perature rose, and although the 
traps w ere always protected from  direct sunlight, most of the trap  
deaths w ere presumably due to the animals becoming overheated in  
the tra p s .
Disappearance of toe-clipi>ed anim als, excluding tra p  deaths,
is  shown in F ig .4 .3 .4 (y i i i ) , Anim als w ere scored as liavlng
disappeared at the trapping session following the one at which they
w ere caught fo r the last tim e , and it  was assumed that th is was as
a resu lt of tlie death of the an im a l. It  can be seen that the m o rta lity
of m arked animals in both enclosures was slight, and tlie difference
between the to ta l numbers tîiat disappeared from  each enclosure,
compared in a 2 x 2 contingency table of the to ta l numbers lost o r
2
not lost in  each enclosure, is  not significant (/- *  1 .0 2 , df = 1, 
p > 0*10 ). Th ere  a re  also no significant differences in tlie numbers 
of different sex and age classes tliat disappeared e ither within o r  
between enclosures.
Losses o f ta il-c lip p e d  in fa n ts .
Neonatal anim als, found in nest boxes or trap s , had th e ir  ta i l  
tips clipped, since toe clipping was not possible in nev/ly-bom  
an im als , (see 4 .2 .5 (c )  above). In Section 4 . 3 .4 (b )(ii) above, it  was 
noted that eight newly bom  litters,consisting of 2G infants^w^ere 
found e ither in t r a ^  or nest boxes in the le ft (control) enclosure.
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and five  lit te rs , consisting of 13 infants, w ere found in  the right
(experim ental) enclosure. Of the lit te rs  found in the left enclosure,
one lit te r  of four was found dead, and another lit te r  of two did not
have th e ir  ta i l  tips clipped. Thus, in tlie left enclosure, 20 neonatal
w ere
voles had th e ir  ta il  tips clipped and/released alive; of these, 10 w ere  
subsequently recaptured as im m atures in tra p s . In the right 
enclosure,!0 infants w ere ta i l  clipped, and a ll  were released alive; 
of tlie se, a l l  19 w ere subsequently recaptured in tra p s . Tins  
resu lt is summarised in Table 4 . 3 .4 (U i). The survival of ta i l  clipped 
Juvenile voles in  the right, experim ental, enclosure was significantly  
greater tlian the survival of ta il-c lipped  juveniles in the le ft, control, 
enclosure (Y'^ ® 12 .9 , df ® 1, p < 0 .0 0 1 ),
Table 4 .3 .4 (H i) . Losses of infant voles, experiment E N C L 4 .
Left enclosure Right enclosure 
(control) (experim ental)
N o . of neonates which 
had liad th e ir  ta i l  tips  
clipped.
N o .o f juveniles caught 
in  traps w ith ta i l  tips  
m issing
N o . of neonates which 
had liad th e ir  ta il  tips  
clipped which w ere not 
stibsequently caught in 
traps
20
10
10
19
19
0
' P  » 12.9  
df » 1
p^O.OOl
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Table 4 .3 .4 ( iv )  summarises the demograpîiic results  
obtained from  experim ent E N C L 4 .
Tab le  4 .3  .4 ( iv ) , Sum m ary c f dem ographic re s u lts  obtained fro m
experiment E N C L 4 .
Left enclosure 
(control)
Right enclosure 
(experim ental)
A nim als introduced 
into the enclosures
Ad cfcf 
C cT d 
Ad 9 9
0
âa
5
IS
■fiC
Num ber of pregnancies 
detected 07 4G
T o ta l number cf 
recru its  into the 
trappable population
cf cf
9 9
70
59
123
69
C5
154
Ï I  ec ru it s /pr e gnancy 2.2G 3.35
Losses (including 
trap  deaths) from  
trappable population
Ad cT d 
C d d  
I  cTcT 
A 9 p 
I ?  P
7
8 
0 
9
0
0
8
4
10
Num ber of infants 
ta i l  clipped
20 19
Num ber subse<iuently 
live-trapped 10 19
T h erefo re , number 
lost as infants/ 
juveniles
10 0
I84-.
4 .3  .4 ( c ) . \7 Cl 1 n d in  ? .
F igure  4 . 3 .4 (ix ) shows the proportion of m ales of d ifferent 
age classes caught at each trapping session showing fresh wounds. 
F ig . 4 .3 .4 (x )  shows tlie same fo r fem ales. It  can be seen that a 
much la rg e r proiX)rtion of adult m ales from  both enclosures showed 
fresh  wounds than did castrated or im m ature m ales, and adult and 
im m ature fem ales. Im m atures of both sexes showed very  low levels  
of fresh wounding, as did adult fem ales. Most im portantly, castrated  
m ales in the eicperirnental enclosure also showed very  low levels cf 
wounding, v/hen compared with adults in t lie ir  own enclosure or with  
the adults in the control enclosure.
4 . 3 .4 (d ). Distances between captures.
Table  4 .3 .4 (v )  shows the results of Maim-VVhitney test (Siegel, 
195G) comparisons between m easured distances between successive 
captures fo r each sex and age class In each enclosure. The distances 
between a l l  captures fo r each individual have been combined with the 
distances betw een a il  captures fo r a ll other m em bers of the same 
c lass . V /ithin each enclosure, comparisons have been nmdo between 
each age and sex class and each other c lass . Between enclosures, 
lik e  has been compared w ith lik e , except tiu it, in  addition, the 
castrates fro m  the right enclosure have been compared with adults 
from  the le f t .  Comparisons within tlie right enclosure a re  in the 
top left-liand quadrant of Table 4 .3 .4(v), those w itliin the left 
enclosure a re  in the bottom right-hand quadrant of tiie tab le . 
Comparisons between enclosures are  in the top rig h t- and bottom  
left-hand quadrants. The results given in Table 4 .3 .4(v) are  
summ arised in f ig . 4 .3 .4 (x i) .
V. ithin tlie right enclosure. It can be seen from  F ig .4 .3 .4(x i)(a) 
that adult females tended to  be caught significantly closer to th e ir  
previous capture than a ll  other classes, and successive captures of 
castrated m ales w ere significantly closer tiian those of both adult 
and im m ature m ales, but not significantly different to fem ales. A ll
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Fig. 4.3.4»(xi) Summary of table 4.3.4.(v)
(a) Comparisons within right (experimental) enclosure
Ad males
C males
females
Ad females
I males
(b) Comparisons within left (control) enclosure
Ad males
I females
I males
Ad females
(c) Comparisons between enclosures
Left enclosure. Right enclosure.
Adult males 
Castrated males
Immature males 
Adult females
Immature females
n.s.
n. s.
Adult males 
Adult males
Immature males 
Adult females
fg-
Immatureimales
Key:
1. Ad = Adult, C = Castrate, I = Immature
2. Significance levels shown as follows:-
p< 0.001 = ^ ,  p< 0.01 = p< 0.005 = y/
3. The arrow points towards the group with higher values
189.
o th e r com pcrisona  w ere  n o n .significant. V ilM n  the  le f t  enclosure, 
successive captures c f fem ales w ere cloeer than those cf m ales, 
and, as In  th e  r ig h t  enc losu re , adult fem a les  tended to  be caught 
m uch c lo s e r to  t h c l r  previous cap tu re  than a ll  ether c la s s e s .
Comixiriaons between the enclosures show that the distances 
between cap tu re s  o f the ca s tra te d  m ales In  the  r ig id  cnclo.cure were  
not significantly different to the distances between cartures cf the 
adu lts  in  the  left enclosure. How ever, adu lt m a le s , im m ature ma le, 
and im m ature fem ales a l l  w e re  caught significantly fa r th e r  apai l 
between captures in the right# experim ental enclosure than they 
w e re  in  t l ie  le ft, c o n tro l enc losure*
ITome range mreas .
Figurea 4 .S.4(^;ii) .  4 .2.4(%v) ohov/ means and standard 
deviations cf accumulated trap -revealcd  home range areas fo r each 
age and eex class, la  each enclosure, fo r captures on# to twelve • 
Only tlaooc anim als caught twelve cr m ore tim es a re  included.
I t  can bo seen from  a ll  four figures that the means cf homo 
ranges cf animals from  tlie righ t, experim ental enclosure.
Increased consistently fas ter with number cf tim es caught tlian did 
the means c f home rangea cf anim als from  the le ft, control 
enclosure.
In  the case cf the comparison between adult m ales frcm  tlie  
control enclosure and castrated males from  the experim ental 
enclosure, tlic difference is  significant at the 5'P
leve l (Mana-v. Idtney teat) at twelve captures; the differences  
between the means of the borne ranges of im m ature m ales from  each 
enclosure (fig .4 .S .4 (:-d il))i3  significant a fte r eleven and twelve  
captures, Although the means of the home ranges of adult fem ales  
fro m  the rigl'4 enclosure a re  higher tiaan the means of the home 
ranges cf adult fem ales from  the loft enclosure from  four to twelve  
captures, (fig .4 .3.4(:U v))none a re  GÎgnificantly d iffe re n t.
F in a lly , comparison of the means cf tlio home range of
190.
Fig. 4.3.4.(xii) Means and standard deviations of ^  
accumulated home range areas against number 
of captures (adult and castrated males), (see 
text for full details).
250
Area
(m^)
200
150
100
50
0
•mm HJ- — — -IP
Castrated males, right 
(experimental) enclosure 
Adult males, left 
(control) enclosure 
Significant 
difference, 
p<0.05 
(Mann-Whitney 
test.)
.jsr
I 
r
(N=10)
I I ^  JO (N=20)
m
± ± _L I
2 4 6 8 10
Number of times captured
Fig. 4.3.4.(xiii) Means and standard
deviations of accumulated home range 
areas against number of captures 
(immature males). (See text for full 
details)
12
250
Area 
(m )
200 I-
(N=17)
150 -
100
Ax----Ax Immature males, right
(experimental) 
enclosure
A--- A Immature males,
left (control) 
enclosures 
E3 Significant 
difference, 
p<0.05 
(Mann-Whitney test.)
(N=23)
4 6 8 10
Number of times captured
12
191,
Fig. 4.3.4. (xiv) Means and standard deviations of 
accumulated home range areas against number of 
captures (adult females). (See text for full details).
200 p Key:
Area 
(m )
V -- w Adult females,
enclosure.
150
Adult females
left (control) 
Enclosure.
100
50
O
;i
(N~15)
I I I
 -(9-— ?  (N=16)
n l i i  i i ^
X X J
2 4 6 8 10 12
Number of times captured
Fig. 4.3.4.(xv) Means and standard deviations of 
accumulated home range areas against 
number of captures (immature females).
(See text for full details).
250
Area 
(m )
200
150
100
50
O
A  Immature females, 
r ight(experimental) 
enclosure 
A — -a Immature females 
left(control) 
enclosure 
B  Significant
difference
p< 0.05 
(Mann-Whitney test}
o
(N = 18)
(K=25)
4 6 8 10
Number of times captured
12
Im m ature females in each enclosure (fig . 4 .3 .4 (%v))shows that 
the differences a re  significant at the 5% leve l from  captures five  
to  tw e lve .
4_?3 .4 ( f ) , Body weights at f irs t  capture.
In order to test Watts* (1970) suggestion (discussed in tlie  
introduction to this cliaptcr, section 4 .1 )  that the behaviour of
0^ 2. of
dominant adult m ales had inhibited thoj|first capture of young on his
contro l areas, and thereby had presented a false picture of total 
numbers present, the mean body weights at f irs t  capture of 
im m ature m ales and fem ales from  both enclosures w ere calculated. 
The results aie shoivn In table 4 .3 .4 (v l) . The assumption that has 
had to be made is that weight is  positively correlated with age; 
th is  is  true  fo r the f irs t  four months of life  cf bank voles (Zejda, 
1934).
Table  4 .3 .4 (vi)> Body weight at f irs t capture of im m ature males
and fe m a le s .
Mean weight 
(g) .D . N
B B B T BNCI.Oc-UllE
hlALES 13.61 2.45 48
FBhL\LBS 13.77 3 .47  41
RIGHT B N C L C S U R B
AlALES 13.78 2 .77 52
13.93 2.51 64
A ll  the differences shown intw&.4.3.4(vi%  both within and 
between enclosures, a re  non-significant; therefore, the suggestion 
that the adults might in some way be affecting the age, and hence 
weight, at f irs t  capture is rejected in the present study.
1%
4 . 4 .  miCUSZION
Experim ent E N C L 2 showed tliat castration had no significant 
effect on the survival of individuals under fie ld  conditions in the 
enclosures, when other age and sex classes w ere absent.
Experim ent E N C L 4 was the only experim ental introdmtion 
into the enclosures that produced any useful results upon which the 
orig inal hypothesis, that m ale aggressive behaviour was an 
im portant factor in the demography of banlc voles in fie ld  enclosures, 
could be tested. The results from  th is experiment liave been 
presented in six sections, (4 .3 .4 (a ) « (f)) and each w ill be discussed 
in  tu rn .
4.4, .(a ) . Estim ated absolute numbers of voles in each enclosure.
The effect of thwarting emigration by enclosing vole populations, 
described in Chapter 1 and in the introduction to this chapter, was 
c learly  observed in the present study. The maximum numbers 
reached in  the enclosures were 172 in the experim ental enclosure, 
and 142 in the control enclosure. These represented, respectively, 
densities of 3127 and 2582 vo les /ha . As fa r  as I  loiow, tlie highest 
estimated density in the lite ra tu re  of a fie ld  population is that of 
New son (1933) v/hose maximum was 247/ha; commonly, fie ld  densities 
of bank voles range up to around 100/ha (French et a l, 1975, give 
several estimates in th e ir  Table 4 .2 ) .  Observed densities in the 
present study were of the order of 25-30 x norm al density estim ates, 
and 10 tim es the maximum estimate; other studies of enclosed vole 
(not C letiirionom ys) populations have shown s im ila r enclosed/ 
unenclosed density ratios of between 1C: and 100:1 (C larke, 1955; 
V anV J^gaardo n , 1930; Houlihan, 19CS; Ih rc b s e ta l, 1939am onst 
others). Thus, the f irs t  factor tliat this study lias c learly  shown to 
be im portant in regulating tlie numbers of Clcthrionomys glareohis 
is , as expected from  previous studies, d ispersal. A l l  subsequent 
discussion concerning the mechanisms by which bank vole numbers
19^.
are  controlled is therefore necessarily based upon the fact that the 
populations under study were not natural populations under natural
conditions.
Comparisons of densities reached in the enclosures with each 
other has shown tliat they were different, and that the reason fo r this  
difference was that the rate  cf increase of numbers in the experim ental 
enclosure was significantly higher than it  was in the control 
enclosure. The weekly rates cf increase, in term s of now animals 
per week, was approxim ately 9 .3  in the experim ental enclosure and 
5 .4 In the control enclosure. These v/ere equivalent to  instantaneous 
rates of weekly increase, assuming geometric population grovdh, of 
O.OfT and 0.068 respective ly . These values are  s im ila r to the rates  
observed in unenclosed populations of botli bank voles and various 
I-.l icrctus species during the increase pliaso of the poiiulation cycle 
(ivrebs and Idyers, 1974, p .281 summ arise values from  many previous 
studies of unenclosed populations). They a re  also s im ila r to values of 
r  extracted from  several studies cf the in itia l phase of increase  
following tlie founding cf enclosed vole p o llu t io n s . F o r instance, the 
values obtained from  C larke ’ s (1935) F ig .4  a re  0.11 and 0.08  
respectively fo r his low and liigh staiting-density populations of 
M icrotu s a gr est is , those from  Van V ijn g aa r den’s (I960) F ig . l  a re  
approxim ately 0.05 fo r the three postulations that grew, those from  
G entry’ s (1D68) F ig . 1 approxim ately 0 .09 fo r his enclosed population 
of M icrotug pinetorum, and a value of approximately 0.09 is obtained 
fro m  F ig .4  of Krebs et a l (19G8) fo r M icrotus pennsylvanicus. Thus 
i t  would appear that the rates of increase in numbers commonly 
observed following the founding of populations in enclosures a re  
s im ila r  to the rates observed during the Increase phase of the norm al 
M icrotine population cycle . Notwithstanding th is, the d ifférente  
between the two enclosures v/as significant; the question of whether 
tills  difference was the result of differences in natality  or m orta lity  
w ill  be discussed in the next section.
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4 .4 (b ), ProcesGca affecting numbers in the enclosures.
The factors that have been shovm to be important in regulating  
the numbers of both m ice and voles at high densities in enclosures 
have been discussed in Chapter 1; the two most frequently observed 
have been reproductive inhibition, both cf adult and im m ature  
anim als, and neonatal m o rta lity .
Reproductive inhibition,w aâ very  m arked in both enclosures in 
the present study, so much so that no fem ale bom  in either enclosure 
became pregnant, and very  few came into breeding condition at a ll;  
this înîiîbition was observed in the anim als born in the enclosures 
throughout the course of the experiment, even those bom  v/itliia tlie  
f irs t  few weeks. The re la tive  importance of the in itia l density of 
the introduced population lias not generally been evaluated in studies 
cf enclosed vole populations, The in itia l population densities in the 
present study (approximately 73C/ha) were already around 3 x denser 
tlian the previously reported maximum in fie ld  populations of bank 
voles, and reproductive inlilbition of animals born into the enclosures 
was almost com plete. Some authors have found that tlie f irs t  few  
young voles bom  into fie ld  enclosures have bred, and only la te r have 
anim als been completely reproductively iniiibited (e .g .C la rk e  (1955) 
who started with orig inal densities of around 1 x and 6 x the previously  
recorded masimum fo r 11.icrotua agre;rtî s) .  Cn the other hand, some 
authors, starting with low in itia l densities, have found sporadic 
breeding by a ll cohorts, even though the overall reproductive ra te  
was very  low as a result of general inhibition (e .g .K reb s  et a l, 1903, 
who started with in itia l densities of M icrctus ochrogaster much low er  
than are  norm ally  found). Th is sporadic breeding by a l l  cohorts has 
also been observed in high density mouse populations in large  
enclosures (e .g .L id ic k e r, 1976). It  would appear therefore , that 
the in itia l population density is impoidant in determining the subsequent 
course of reproductive Inhibition in fie ld  enclosures; n ot 
surprisingly, very  high in itia l densités appear to cause the inhibition
to be m anifested soonest.
The m ajority  of the adult females Introduced into the 
enclosures also became non-fecund w ell before the end of the breeding
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season. A lm o s t a l l  the adu lt fem a les b re d  in i t ia l ly ,  lead ing to the 
in itia l sharp r is e  in numbers in both enclosures, and in neither
enc losure  d id  b reed ing  am ongst adu lt fem ales cease co m p le te ly .
In  previous studies o f enclosed vo le  populations, breeding by 
d iffe re n t coh o rts  has not been d is tingu ished , so tha t com parison  
w ith  the  present study is  no t possible.
Only in some studies of pcixilations of m ice o r voles in fie ld  
enc losures has re p ro d u c tive  in h ib it io n  o f males been mentioned 
(e .g .h re b s  et a l, 19C9; L id ic k e r ,  1975); desp ite  the  fa c t tha t i t  v/as 
fe l t  that objective assessment of the breeding cond ition  of m ales was 
no t ach ieved in the  present study (see M ethods section  4 ,2 .4(b) 
above), no m a le  b o m  in  e ith e r enc losure  was e ve r judged to  have 
com e in to  breeding cond ition , and th e re  was a steady dec line  in  th e  
p ro p o rtio n  o f the  in troduced  adu lt m a les judged to  be in  b reed ing  
cond ition  fro m  the beginn ing o f August o nw ards . These tw o  fa c ts  
suggest tha t the  re p ro du c tio n  in h ib it in g  fa c to rs  opera ting  upon the 
m a les  c lo s e ly  p a ra lle le d  tlio se  opera ting  on the fem a les , in  both 
enclosures.
A l l  th is  re p ro d u c tive  in h ib it io n  was a lm o s t c e r ta in ly  the  re s u lt 
o f the  h igh  le ve ls  o f agg re ss ive  behaviour, as i t  has been shown to  
be in  p rev iou s  s tud ies ; the  fa c t th a t th e re  w ere  no apparent 
d iffe re n ce s  between the  enc losures means th a t s im p ly  re n d e rin g  
re la t iv e ly  non -agg ress ive  the  m a jo r ity  o f the  m a les  in  the  e xp e rim e n ta l 
enc losure  was a lone not s u ffic ie n t to  p reven t i t .  Ivh e th e r, in the  
exp e rim e n ta l enc losure , the  ag gress ive  behav iour o f the f iv e  re m a in in g  
intact m ales, or the residual aggression of the castrates, or the 
s im p le  presence o f so m any an im a ls  (aggress ive  o r  no t), was 
re sp on s ib le  fo r tJie re p ro d u c tive  in li ib it io n  observed could not be 
d e te rm in e d . R em oval of fo u r  out o f the f iv e  adu lt m a les  at the  end 
c f  32 weeks was fo llo w ed ,a t the  fo llo w in g  trapping occasion in  week 
34, by an increase  in  the  proportion o f adu lt fem a les  caught w ith  
p e rfo ra te  vag inas . H ow ever, (see f ig . 4 ,3 .4 (iv ))th e  sam ple s ize  
was v e ry  s m a ll (four p e rfo ra te  out o f seven caught) so no re lia n c e  
can re a lly  be placed on this resu lt.
Apùirt f ro m  re p ro d u c tive  in h ib it io n , o th e r fa c to rs  th a t have 
been im p lic a te d  in  reduc ing  the  b ir th  ra te  in roden t popula tions have 
been d iscussed in C hapter 1 . One o f these is  reduced l i t t e r  s ize ;
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there was no difference in lit te r  size between the two enclosures 
in  the present study, or between them and litte rs  born to fie ld -  
caught females trapped at the same tim e . A l l  tliree  estimates 
w ere obtained from  counts of embryos, and they are , i f  anything, 
slightly low er than the previous estimates fo r l it te r  size in fie ld  
populations of ban!-: voles also obtained from  counting embryos 
(B ram bell and Rowlands (1933); 4 .11 ; Smyth (1033): 3 . SO;
Zejda (19GG): 4 ,0 0 ; liysSowsld and Truskowski (1970): 4 .0 , and 
Flow er dew (1971): S.9o)i However, sample sizes in the present 
study w ere very  sm all, w ith liigh standard deviations, so that they 
cannot re a lly  be re lie d  upon.
As in previous studies^mortality cf adult and im m ature, m ale  
and fem ale toe clipped (i.e .trap p ab le ) animals was low . The  
m orta lity  (including trap  deaths) c f adult females in the control 
enclosure was however ra tlie r higher, though not significantly so, 
than the m orta lity  of adult fem ales in the experim ental enclosure 
(Table 4 .3 .4 ( ii) )#  Krebs and M yers (1974 ,p.EOS) have demonstrated 
tlia t, in sm all m am m al populations, the ra te  of population growth 
is ve ry  dependant upon survival ra te  of reproducing femalesj- it 
might be thought, therefore , that the observed differences in  
population growth rate and final numbers observed between the 
enclosures in the present study were a result cf this difference in  
adult fem ale m orta lity  between the two enclosures. It must be 
rem em bered, however, that in spite cf this difference in adult 
fem ale m orta lity , there w ere 57 detected pregnancies in the control 
enclosure, which had the g rea ter number of adult fem ale losses, 
and 43 pregnancies in the experim ental enclosure, where few er 
adult fem ales w ere lost. Therefore , adult fem ale m orta lity  
appears not to have been the factor tliat produced the observed 
differences between the numbers of animals entering the trappable 
populations in each enclosure.
The m ajor factor, reviewed in Chapter 1, that has been 
observed to affect the to ta l numbers of enclosed populations of 
sm all m am m als has been m orta lity  of neonates, and th is c le a rly  
occurred in tlie present study, at least in the control enclosure.
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F irs t ly , tlio fact tliat only 10 out of the 29 ta il clipped infants in 
the control enclosure w ere subsequently trapped, whereas a l l  19 
ta il-c lipped  infants in the experim ental enclosure were seen again 
in traps, showed that the presence of the adult m ales in the control 
enclosure had a significant effect on depressing infant surv iva l.
This is corroborated by the fact that 57 detected pregnancies in the  
control enclosure produced 129 recru its  to the trappable population 
(an average of 2.2G recruits/pregnancy) whereas only 45 pregnancies 
detected in the experim ental enclosure produced a to tal cf 154 
recru its  (an average cf 3 .SO recru its /pregnancy). However, this  
difference might liave been tlie result of either foetal resor^rtim  or  
neonatal m ortality; the la tte r certain ly occurred in the control 
enclosure, as has been demonstrated by the loss of ta il-c lipped  
infants, but the fo rm er cannot be ruled out. However, a mean 
l i t te r  size, calculated from  counts of embryos, as lov/ as 2,26 (the 
average number of recruits/pregnancy in the control enclosure) has 
not previously be recorded, whereas 3.35 (the average number of 
recruits/pregnancy in the experim ental enclosure) is v e ry  close to 
the mean lit te r  size calculated in the present study, (aitliough ra th er  
lower than the previous estimate summarised above). T M s , 
therefore , also suggests tliat it  was p rim a rily  neonatal m orta lity , 
ra th er than foetal resorption, that caused the low er numbers of 
recru its  to the trappable population in the control enclosure.
The mechanism by which neonatal m orta lity  occurs have been 
discussed in Chapter 1, and Include cannibalism, abandonment, 
tram pling, and nest disturbance. C learly , in a live  trapping study 
in large fie ld  enclosures, it is  not possible to determine which 
mechanisms arc operating. A question tlmt is seldom asked, however, 
is  the degree to which the observational tecliniques (trapping, l i t te r -  
handling, e tc .) contribute to infant m o rta lity . C learly , trap  deaths 
are  (Quantifiable, but the effect cf depriving infants cf th e ir  m other 
fo r varying longtlis c f tim e by incarcerating her in a trap  (In ether 
word, causing her to ’abandon’ her lit te r )  have not been determ ined. 
C erta in ly , observer Interference has been shown to have m arked  
effects on infant m orta lity  in enclosed mouse porelations (Crowcroft
and Rowe, 1S57). In the present study, traps w ere set at dusk or 
at around G-7 p .m . whichever was e a r lie r , and inspected at around 
8 - 1 0 a .m . the following m o m in j; thus a vole could spend a maximum  
of about 10 hours in a trap  during which tim e, i f  it  was a lactating  
fem ale, her lit te r  would be deprived of w arm tli and nourisîim ent.
Th is  problem must have affected a l l  previous studies of sm all 
m am m als in wliich overnight llvo-trapping has been done. However, 
of the 19 animals ta ll-c lipped  as neonates in the control enclosure, 
somo of which must presumably have suffered this m aternal 
deprivation caused by trapping, a ll  19 survived to be trapped, 
which suggests that the problem may not be as severe as was 
in itia lly  feared; it  does, however, w arrant fu rther study.
T liis  live  trapping study in tlie enclosures has shovm that 
there v, ere significant demographic differences between the 
experim ental and control enclosures, summarised in Table 4 ,3 .4 ( iv ) .  
Since the experim ental design ensured as fa r  as possible that the only 
difference between the enclosures was the overall leve l of 
aggressive bcliaviour, it  must be assumed that it  was th is factor  
that caused the observed effects. Results concerning social 
relationships within the populations, also obtained from  the live  
trapping study, have been presented; those were wounding, distances 
between successive captures, trap  revealed home range areas, and 
weights at f irs t  capture, and they have shown that the experim ental 
manipulation did indeed have social conse lucnces within the 
enclosures. These results w ill  be discussed in the sections tliat 
fo llow .
4 .4 . (c ) . R ounding,
In populations of rodents, wounding levels have been shown to  
be associated with density (e.g.Row^e c ta l,1034 ; Southwick, 1055(bX 
19:8; Christian, 1971(a)), the population cycle in M icro tine  
populations (also, in effect, density) (Ihrebo, 19:4; Christian, 
1971(a), sex (Rowe c ta l ,  1934; B a tz lia n d r itc T ia , 1971;
C hristian, 1971(a); Rose and Gaines, 197G), age c r reproductive
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condition (Christian, 1971(a), L îd icker, 1373; Hose and Gaines,
197G) and season (L id icker, 1972). The introduction'to Chapter 2
has also reviewed many factors, particu larly  endocrine, tliat have 
been shown to affect the aggressive behaviour of m ale rodents. In 
general, because of hormonal influences, adult m ales fight, 
castrated and im m ature males do n o t. This was demonstrated to 
be true  for bank voles in Chapter 2, and the experim ental design for 
the work in the enclosures depended upon i t .  The fie ld  study of 
behaviour (Chapter 3) also confirmed that im m ature m ales tend to fight 
less thf.n adult m ales, but, because no interactions involving 
castrated m ales were observed in the fie ld , no conclusions could be 
drawn from  tîiat study about the aggressive behaviour of castrates.
The results presented in 4 .3 .4 (c ) above confirmed that, in the 
enclosures, adult m ales fought considerable m ore than either 
castrates or im m atures, using the degree of wounding as a m easure.
lîen tion  was also made in Chapters 1 and 2 of the fact that 
fem ale rodents generally exhibit less aggressive behaviour than m ales, 
but that th e ir  behaviour had been studied very lit t le , and the results  
of the fie ld  study of behaviour, presented in Chapter 3, showed that 
fem ales fought less than males in the enclosures and at the fie ld  
study site; the wounding results from  the enclosures confirm  th is .
In at least one M icro tine species, however (M icrotus townsendii), 
fem ales can be highly aggressive (C .J .K re b s , personal 
commtmication) even though they do not shew many wounds in the 
f ie ld . Thus the ro le  of fem ale behaviour in î.licro tine population 
biology rem ains unclear.
4 .4 .(d ) . Distances between captures.
The rather crude method of compxirmg the distances between 
captures of one age and sex class w ith another has been described 
in the Methods section, 4 .2  .4(c) above. In spite of this,the results  
obtained were of in terest, although difficult to in terp re t. Bearing  
in mind the problems associated with different trap  response by 
different a re  and sex classes, mentioned in the Methods section
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4 .2 .4 (c )  above, the results concerning sex differences were in 
agreement with previous studies of bank vole movements (e .g .
Zcjda and l  elikan, 1ÛG9; Craw ley, 1SC9) in that females moved 
less fa r  between captures than m ales . As fa r  as I  I-oiow, previous 
studies have not differentiated cuantitatively between the distances 
moved by adult and im m ature an im als. In the present study, adult 
females appeared extrem ely sedentary, m ore so than im m ature  
fem ales, whereas there was no difference between adult and im m ature  
males in either enclosure. Castrated m ales in the esperim ental 
enclosure tended to be caught slightly closer to th e ir  previous capture  
than e itiier im m ature or adult m ales in the same enclosure.
The results cf comparisons cf like with like  between the 
enclosures Imve shown that adult m ales, and im m ature males and 
fem ales, a ll  moved m ore between captures in the right, experim ental 
enclosure than they did in the le ft, control enclosure. There was no 
significant difference between the distances between captures of the 
adult fem ales in the two enclosures, nor between the castrated  
anim als in the experim ental enclosure and the adult m ales in the  
control enclosure. It is  therefore hypothesised tlud the lower levels  
of aggression in theo^rimctitalenclosure (the result of the castration of 
the m ajo rity  cf tlic males) enabled individuals to range m ore fre e ly  
than in the control enclosure; in other words, the aggressive behaviour 
of the intact m ales in tlie control enclosure was in some way 
restric ting  the movement cf the ether classes (except adult fem aled). 
The reasons that no differences in distances between capture were  
e}diibited by adult females from  the two enclosures is not c le a r, but 
may be associated with adult females restric ting  th e ir  movements to  
the im m ediate vic in ity  of a nest site, even a fte r breeding had 
effectively ceased.
An interesting result is that there was no significant difference  
in the distances moved between captures by castrated m ales in the 
experim ental enclosure and the distances moved by intact m ales in 
the control enclosure. The marked behavioural differences between 
these two groups demonstrated in the laboratory (Chnpter 2) had 
encouraged the speculation that th e ir movements between captures 
m irh t be different also; the reasons fo r the absence cf any observed
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difference is not clear.
4 .4(e). TJcme range areas.
It lias been shown above (Results 4.3.4(e)) that, in the present 
study, the trap revealed home range area for a given number of 
captures, even within a particular age and sex class, v/aa very 
variable, and this is in agreement with previous live-trapping 
studies cf small mammals (for instance, see F ig .6 of lakkav/a, 1934); 
even using tracking teclmigues, where more information concerning 
each animal*6 movements can be collected over a much shorter tim e- 
period than Is possible in live-trapping studies, and where it is 
possible to investigate temporal clianges in range use, tlie same 
variability in home I'ange area within age and sex classes has been 
shown (e.g.see Table 3 of Randolph, 1077). This great variability 
inevitably tends to mask any differences produced by experimental 
manipulation, and tlds appears to have been the case in the present 
study. However, even though the definition of homo range area used 
in the present study was very crude, taking no account of time- 
interval between captures or possible hcme-range shifts with time, 
the results obtained in general confirmed the original hypothesis, 
that the different social conditions in each enclosure would affect 
the freedom of movement cf different age and sex classes differently. 
In particular, the presence of adult males appears to have restricted 
the movement cf other age and sex classes in the control enclosure, 
compared with the movements of animals in the right, experimental 
enclosure, containing the non-aggressive castrated males; this 
result clearly, and net surprisingly, corroborates the results of the 
analysis cf distances between captures, discussed above.
The fact that, in previous studies of ether species, adult 
dominant males have been observed to restrict the movement cf 
subordinate animals, lends weight to this interpretation (Groweroft, 
IDGG; Brown, 1039). On the ether hand, several studies ef bank 
voles have shov/n tliat home range size is inversely rc lited to  
population density (e.g.kejda and Felikan, 1933; Mazurkiev/icz,
1971; AndrzejewskisindMazurldewicz, 1973); apparently in direct
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contradiction of these results, home range areas in the present 
study were greater in the experimental enclosure, which contained 
a higher total number cf animals, than the control enclosure; the 
experimental enclosure did however, contain less adult, aggressive 
males than the control enclosure, because the majority cf adult 
males were castrated; perhaps, in the previous studies, the 
observation that home range areas were inversely proportional to 
the density really meant tlmt home range areas were inversely 
proportional to the density of aggressive adult males. Because of 
the artificially high densities that occurred in the present study, this 
hypothesis is tenuous when applied to natural populations, but 
dcservcaf further investigation. As in tlie analysis cf distances 
between captures, tlie reason for the lack cf more marked difference 
between home range areas cf adults and castrates is not clear.
Because of the atypical conditions inevitably present in enclosed 
populations at high densities, values of tlie mean home range areas 
are not comparable with previous estimates of home range areas 
obtained from studies of unenclosed ^populations cf bank voles (e.g . 
those of kejda and ï ’elikan, 1QG9 or Crawley, lOGC); however, in 
agreement with previous studies, the ranges of adult females were  
markedly lower than those cf adult males (flgs.4.3.4(;:ii) and 4.3.4(xiv)) 
(Zcjda and Belikan, 1033; Crawley, 13:0; Mazurkiewicz, 1071; 
Andrzcjcwski and kTazurkiewlcz, 107G), whereas the ranges cf 
immature males and females were generally less different from each 
other than these of adults (figs. 4 .3 .4 (x il) and 4 .3 .4(:;v))(kiazurldev/icz, 
1971; Andrzejewski and Mazurkiewicz, 1973)•
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Ill conclusion, tliis study his shown that, in communities of 
bank voles in field enclosures, tho aggressive beliaviour of adult 
males had a significant effect on population dynamics. hi agreement 
with previous studies of enclosed mouse and vcle populations, 
reproductive inhibition occurred at high densities, but there was no 
observable differorice between the degree of Inhibition in the 
cosperirnental and control enclosures. Neonatal mortality, the ether 
process also previously suggested as important in regulating the 
numbers in enclosed small marnrnal populations, was observed to be 
significantly higher in the enclosure with a ll males intact tlian in the 
enclosure with castrated males, and was the cause cf the difference 
in numbers between the enclosures. Other demographic processes 
tlmt might have affected the numbers were not significantly different 
between enclosures. Certain measures cf the social organisation 
(wounding, distances between captures, home range areas) were 
also showm to be different between enclosures. A s  expected, the 
incidence of wounding was highest amcngfd: adult males. In general 
animals were less restricted in their movements in the presence of 
non-aggressive, castrated males in the experimental enclosure than 
in the presence cf aggressive intact males in the control enclosure.
The implications of these findings for the study cf populaticai 
regulation in rodents in general, and Microtins rodents in particular, 
V i l l  be discussed in Chapter 5.
2o5.
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The present study has showm that, during the course of a single 
season, adult male aggressive behaviour appeared to have a significant 
effect on population variables in cornnumitios cf bank vole.s in large 
field enclosures. Four major questions however, remain.
F irstly , could experiment FNCL 4 have been repeated with the 
same result? Because of the tim e- and energy-consuming nature cf 
live-trap studies cf small mammal populations, replication: in either 
time or space have been ra re . Li the present study, only two 
enclosures were available, and the problems encountered vdth them, 
described in Chapter 4, meant that only one long experiment,
(spanning a breeding season) was possible. A sa  result, it cannot be 
said with certainty tîiat the observed differences between the populations 
in tiie enclosures were not simply clue to undetected habitat differences 
between the two enclosures, or between the populiticns initially 
introduced into them, rather than to the differences in social 
conditions produced experimentally by the castration of most of the 
adult males in the experimental enclosure. Previous studies of 
enclosed populations cf rodents have shown tîiat the numbers reached 
at asymptote can be very variable, even in apparently identical 
enclosures (a.g.Southwick, 10 :[(b); Petruscwlcz, l o t i ,  1033, 195G; 
Lidicher, 1035; Vcssey, 1037). In general, however, this variability 
has occurred in laboratory populations, in small enclosures or cages, 
with very few founding animals (sometimes a single bisexual pair); 
in ether words, with extremely restricted stock. It is easy to imagine 
that behavioural or genetic differences between one founding pair and 
the ne:vt could cause marked differences in subsequent popuF-ticn 
growth and asymptote. In the present study, the founding populations 
were large (ID animals wore introduced into each enclosure at the 
start of experiment BNCL 4) and animals caught from different areas 
were divided equally between the two encloînires, with the intention 
of starting the experiment with genetically mixed populations.
Therefore, it is unlikely that the differences observed were due to 
in itial differences between the populations. Similarly, it is felt 
unlikely tliat there were sufficient habitat differences between the two 
enclosures to account for the demographic differences, although this 
possibility cannot be completely ruled out.
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Secondly, castration was demonstrated, using rather Imprecise 
methods, to affect the behaviour cf male voles. Vvhich other aspects 
of adult male social behaviour wore also affected by castration, and 
which other components of the behavioural repertoire cf mala voles 
are important in population processes? In this, and other studies, 
the terms 'aggressive behaviour' and 'social behaviour' have been used 
as blanket terms to cover, for the sake of simplicity, a multitude cf 
individual behavioural components. The role and interplay of 
behavioural components in the field must, however, bo extremely 
complex; Chapter 3 lias shown that it is possible to observe and to 
quantify behavioural interactions of voles in the fie ld . It would seem 
to be wcrtli pursuing this approach with a view to determining, in finer 
detail, which aspects of behaviour are most important in mediating 
population processes. In pailicular, the detailed effects of 
experimental manipulation (,3 uch as the castration used in the present 
study) on field behaviour deserves further study.
Thirdly, what is the role cf social beliaviour of other age and 
sex classes in affecting population variables? Traditionally, it has 
been assumed that it is the behaviour cf adult males that Is the most 
important in socially-controlled population processes. Tliis assumption 
has arisen for the two reasons mentioned in Chapter 2; firstly, that the 
beliaviour of females is difficult to study because cf the complicating 
effects of hormone fluctuations during the oestrus cycle, and secondly, 
tlint males are more aggressive tlian females in most small mammal 
species. However, there are indications that female social behaviour 
may also be impoiTant (Krebs, personal communication; Lujalska, 
1970,1371, 1973), and investigation of tliis aspect is overdue.
The final question, and probably the most important of the four, 
is: What is the relevance of the results of the present study, carried 
out on enclosed vole populations, to the population ccologj'' cf bank 
voles In natural populations? Aidificially enclosed populations have 
usually been studied only during the relatively short initial period of 
high population growlli, as w-as the case in the present study. Because 
of this, adult mortality has Inrgeh/ been discounted in previous studies 
of enclosed populations; in the wild however, very few voles live for 
two breeding seasons. Clearly, the short time-scale of most studies
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of enclosed populations of rodents means that the relevance of their 
results to population processes in natural populations may be lim ited.
It is also always possible to criticize studies cf laboratory and enclosed 
populations of rodents on the grounds tliat the densities reached render 
them so artific ia l tliat they bear little  or no relationship to the real 
world, and that the mechanisms of population regulation revealed by 
them are therefore of minimal importance in natural po-lulations. 
Lidicker (1975), however, argues that reproductive inhibition at least, 
clearly observed in the present study, is probably 'more tlian a 
pathological manifestation of artific ia lly high densities* since only 
tiiose species of rodents ioiown to reach high natural densities ( if  only 
occasionally) have 'such efficient physiological macliinery for turning 
off reproduction*.
I  feel that these problems can really only be resolved by long-term  
experimental studies of natural populations, at natural densities. In 
particular, I  think that further attempts should be made to manipulate, 
in a quantifiable manner, the behaviour of individuals or grcnaps witîiin 
natural populations (for instance, by hormone implants); demographic 
consequences of the behavioural modification of different age- and sex- 
classes should then be determined by comparison with similar, but 
unmanipulated, control populations. Replication, by repeating the 
experiment in the same areas, but with experimental and control 
poixilations reversed to eliminate possible intrinsic differences between 
the two areas, should finally enable the role cf social behaviour In the 
chaiamics of natural populations of rodents to be clarified.
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